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Abstract; This paper proposed an identifying method of scour condition of cable-stayed bridge pylon by
tracing the dynamic index. Firstly the quantitative relationship between the identification index and scour
depth is theoretically simulated by a series of parametric study. Once the identification index is obtained
based on the monitored dynamic performances during the bridge routine measurement, the scour depth of
pylons at the moment of monitoring can be directly deduced by the pre-obtained quantitative relationship.

In order to investigate the feasibility of this method, two identification indexes such as the natural
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frequency of bridge and deformation of modal flexibility were proposed. As a case study, the relationships
between these two identification indexes and scour depth of pylon were carefully analyzed based on Finite
Element (FE) model of Ningbo Zhaobaoshan bridge (a cable-stayed bridge). The results indicate that the
pylon scour depth of cable-stayed bridges can be quantitatively identified by tracing the identification inde-
xes. Especially, the indexes including the deformation of modal flexibility built by the vibration modes of
vertical bending of girder and transverse bending of pylon show much more sensitive and better identifica-
tion effects than those of other indexes. It can be concluded that the proposed identifying method for pylon
scour depth by tracing the dynamic index has the advantages of accurate calculation logic, convenience,and
good economical efficiency without underwater operation. The scour depth can be correctly predicted as
long as the dynamic performances of bridges are accurately measured and traced.

Key words: scour of pylons; cable-stayed bridges; dynamic index; natural frequency of vibration;

mode of vibration; flexibility matrix
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Fig.7 Deformations of modal flexibility at
different locations of girder

8.0x10*

7.0x10* /
6.0x10*
2 /
“=
gz 5.0x10° - e
% 4.0x10* | /
=4

;& 3.0x10* .

§2.0x10‘ F _/'

1.0x10%F A
0.0

2 4 6 8 10 12 14 16 16 20
FHRIRE /m
(i E B

00

-5.0x10° |- ™~
2 -1.0x10* | AN

-1.5x10* - \
: -2.0x10™ F \
3 -2.5x10* - \\
-3.0x10* - \
2 4 6 8 10 12 14 16 18 20
TR/ m
(DfiE D

R IENL R R0




5511 RESCEE  SE T2 4R U AR 55 i i R B TR 12 153
00 - 0.0 -
.\\l .\l
-5.0x10° - \'\\_ -5.0x10° - \'\_
\. \I
1‘% -1.0x10* | \_ E -1.0x10% | \_
ég‘rE151o‘- \' %1510‘- \'
£ N e N
8 -2.0x10% F 2 0x10* F
i h A
»_fl 25x10* o 25x10*
2 25x10 \- = 25x10 \-
-3.0x10* - -3.0x10* -

2l 4‘» é é 1‘0 1‘2 1‘4 1‘6 1‘8 2‘0
FIE R/ m
()i ® E

2 4 6 8 10 12 14 16 18 20
FR MR E /m
(DL E F

B8 FMFAMEEZIEK
Fig.8 Relationship between girder-based § and pylon scour depths

ML 8 Hral o 32 G AR o7 1 8 ) 5 i
PSRN RS 22 & 5 8 vl i) % BE A7 e B B Y
TEARDCHE T H 6 Ffl A K HA B i 3] U
PR DR DR X S8 Y & (R S 3218 i R B Y
RSHIE L i <M A L AR B U B i w) b R (R L]
A S W, — B 3 S PRpR R 45 4 T R s
L A & BIE . T3 F2RAUK 8 e XA
TR A DR 2 5 TR EE
3.4.2 AR EBRTHRAF RS FEAS ST

I THRZE X L phe) 20 m B, IS — B
RS R 780 55 R v AR SR A AR A 2 A [R] S H T 20
m AERBAT 57 3] 1 505 1) 2 51, S ORI ot
WL T AL AR SR ) 0 A5 (LI 9 HE YT HED L
oo ARBR O A [ AR AR y AR AR T8 EE )
ARBR = AR A E RS A — B R o PR A A e A
(s IH—1b).

1B FIE S — By 4ok o A — R i A S i Y
T AR S A 2K (18) 2N ] 45 3] 32 3% 1y i 25 22
JERERE F G F e iR BR ) » A N BAR S ) . 2R
fRLHh 5 FE5E 4 m E J7 Ial AE FH R 1 (R ) 8 A1 i
B T A A vl A B T ) R B (0~ 20
m) T () FIE S s 1 LRS , HEAS B0 AS [ e ] R
LR wP PR AR H Y =8 iR 22 6 5 ILIE 10.
oz Aeby g ISR 10 AL bR,y Aebr ok 33 B
Ty AR AR = AR bR Sy 3 B R M ) A SR R AL B 4R
FRo .

A 25 B iRl h O B0 T — B RIS R PR L i
FETHR ISR T W2 B I F R (O — 2
A1) B ] FL RIS ARt . AR 10 7] & 28, 4
AN E AU T T RS R S R B LR R bR O
A7 i e ) 118 335 Jon v ST AL A B . BRI A2

— T
45x10% —— —
4.0x10* / }
a4,
% 3.5x10° / !
2 30x10* S /
= o : {
B 5107 S J |
= 2.0x10* s s ‘J
ﬁ' .0x ) :g
# 15x10

1.0x10
5.0x10°

0
0.0 191)\2@
2 0

(b) Wi 20 m
B9 RE B — AT B S A e A A A

Fig.9 Transverse deformation based on transverse

bending of pylon before and after scour
HAERYER) 2 A5 50 A BB 0] Ak B« = 10.84
m, B ARAR v = 110.46 m. 7 F FI& T \BOS AR
[ AFR =173 m & F KR y=—2 m. i T &
RET ) » 2 ) LB A [R) R ER BE T AL 5 i 6 Bl
Tl AR At 2 CULIET 11D,
WS FEGE 6 A SR (WE &) AT XT I,



154 W KA CA AR E RO

2017 4

=4
o
a

o
=}
=

o
Q
@

BEZS T NI R SR R0

=4
o
=

o2
o8

LY

o o

o o

(4] (2]
.'?

(VRzZits
o
3

B A
ijﬂi( 0.02 "::' . ;: o .'ﬁ‘.:/‘('14m!
0.00 B o € 1"1“ 0
D e
& 10 L T "
¥ o fommee—= __________mzm!
’éé‘?\ N =R d
£ 2 |
7;»5%7 3040 20 0 20 40 60 80 100 120
FIEE AR/ m

(b) 71— RSy
B 10 EZRBARRAEENBESFEELESBFTALER
Fig.10 Deformations of modal flexibility at
different locations of pylon

AR B A BTG R Y 135 6 BUE ] R,
HATAE v B U AU, DR G B ) R AR S R
BEMI R AR & i S 3& il TR B2 45 0 75 1 R i
Pr. AR . — B B SCPR R 45 H LR X L0 LY
& TR INMEL ] T IARUAT 11 R4 50 AR TR A 3 10
BRRPIRS S IRE.

R ST LR A5 A AT U AR 2
I P H A A ) P B TR LA s (R
A RS 2R AL RS R AR 2R AT o il R 25 45 07 B 19 3R
) e B AR RS AR 14 s 00 A T

4 & it

DARSCHR ) — P 5L T 30 7 Rk 93 550 (9 R AT
BB h AR A 0 A BHLOE . G e R B e A A 5 B

7 6
o
&
T
AN

&b
N

o
(=]
5

AT B
\
N

o
o
=

=
o
o

8 10 12 14 16 18 20 22
EHEIRIVREE /m
(@i #E A

N
.
o

0.045

0.040 |- /

0.035 |- /

E 0.030 - /
?é 0.025 - /

& 0020} /

i

5[2,6 0.015 |- /
r_:|

0010} e

0.005 - —

0000 1 1 1 1 1 1 1
2 10 12 14 16 18 20 22
TP RREE /m
(Wi E B
B 11 230 P RIEE T &
Fig.11 Relationship between pylon-based &

L
4 6 8

and pylon scour depths

P BBl JI BN DU I 061538 A 1o il 0 R AR
A& R O BT B bR TR RE R R U

2) 70 4 B [ A AR L R R SR B N
PIRIZN 1 45 Sof OB 20, 91 3 T 7 B 5 R
CRHLAEE) » 23 B PR 3l 71 45 805 il % B2 22 18] /4
SR AR LA Ot il 8 R 7 A A FEURR A

30 2R 1 T 8] A W0 A7 AL 48 bR 25 A7 A7 5 o )
DREEPUAIIS s 32 0250 — B B AR L L 26 — B L A% Uk
TYLA B F2 05 5 — B 25 IR R A A7 B oo B 4% 2 R A
AR . FCR, B9 2 SR R T LAM LS
PRI B i % 38 B Bl B Oy UK

4) SR 1 Bk T AR 285 2 B L RS A8 AR E AT AT 85 o)
TREE I TSR FH 5 5 1 20 i R g B 25
TIPSR AR AR o L IF HE X 8513 29
RS TR BERLREAR bR 0 X S8 i % B2 1) R et
LA R DO s faf e i SO S R DR £ =g

5) SRR T A 8 A R AT T R A RS 4 A
558 W, — HAG 3 SR A SR 45 0 11 A 4038
fefabR FCR, sl R ALRS 15 b5 6 A B0 { . i



55 113

RESCAE LT 2 Ty AR SUN R 3 o R0 7 i

155

AT HUEAR 2 HE e AR OC AR T AR
1 opRAR S 5 TR . S O A% e IR U B A A
i S P D 3R RE 6 76 0 (A B HG AT L H s i 2
TR BORFAE COBIN - A3 B 7 B ] 85 70 4 R A i e |
A LB il SRR b B S P D

TN EA L 3 i EE— U

DARSCEIE BARFE X R X A B 45 1, {H
X AT 52 Cln— R 1 B 275 3 i
X T — SRR AT Y B 2 4 30 75 B AT
SO HT S A REN E ol & Y i SRR B A R

2) AP T ¥ A S PR IV R AT 2 A 45 R 1
FA A WUATR R AG: DN T ) o8 1 SR 45 4 3l g v
B FARAA A 4RI A 00 o v O
TSRS, AT 125 (8 BT A P B . B S B T
RHLBF 1 2 IEAEVEAT 480 5 L RME AT I R A
ML 649 2l I e L B0 300 A ol S A 15 A
MR - B Al A BB HERR B B IRIR S
AR PR YA,

3) ISR AT 52 CAFAE AR 0P R T L BT A
B A I Py 25 R & 225 UG LG 20 AR LA g
XA R 2l 3 R 4 R 0 A S B ) B T
g CH N D7 THTD & BB A ST A A R AT 2 BRI
O RELZS F R AT 20 A CRREE TS 18D & SR ) MU A
SCIFTE AR ARSE I TR B oh IR BE P P31

S 3k

[1] WARDHANA K, HADIPRIONO F. Analysis of recent bridge
failures in the United States[]]. Journal of Performance of
Constructed Facilities, 2003,17(3): 144—150.

[2] XUBLSE. B R ILA B RIF R ()] AR AR A 8%, 1996 (2): 3
—8.

LIU X Y. Introduction of Tongling highway bridge crossing
Yangtze River[]]. East China Highway, 1996(2): 3—38. (In
Chinese)

(3] SRubig R4, B pk. 4R T B R L I B A 5 1T

[CT//rp A B2 S R R AN S5 H T RE 2% 25 2001 4R 22 R0
WRIRSCE. JUaT: ARZSHE it 2001 1—4.
WU H F.PAN C H,QIU Q L. Design of North Ruiyang Yan-
gtze River Highway Bridge[ C]//Proceedings of the Conference
on Bridges 2001, Bridge and Structural Engineering Association
of China Highway and Transportation Society. Beijing: China
Communications Press,2001; 1—4., (In Chinese)

(4] A, D KT B RUREOERERE Wil B 40 58 (D . B 3t < T i

FEFE MR 5 TR B . 2006 1—20.
CAO S H. Pile foundation scour protection for the main pylon
of Sutong bridge[ D]. Nanjing: School of Earth Science and
Engineering, Hohai University,2006: 1—20. (In Chinese)

[5] PARK I,LEE J,CHO W. Assessment of bridge scour and ri-

verbed variation by a ground penetrating radar [ C ]//

[6]

[7]

L8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

Proceedings of the Tenth International Conference on Ground
Penetrating Radar. New York: IEEE,2004; 411—414.
HUNT B E. Scour monitoring programs for bridge health
[C]//Proceedings of the 6th International Bridge Engineering
Conference: Reliability, Security, and Sustainability in Bridge
Engineering. Washington. DC. Transportation Research
Board,2005: 531—536.

XIONG W, CAI C S, KONG X. Instrumentation design for
bridge scour monitoring using fiber Bragg grating sensors[ ] .
Applied Optics,2012,51(5); 547—557.

LAGASSE P F,RICHARDSON E V,SCHALL J D, ez al. In-
strumentation for measuring scour at bridge piers and abut-
ments[ R]. Washington, DC; Transportation Research Board,
1997, 5—25.

A, CAL C S, DLEE. KT A e A Jei (6 A A Al o
IS MRS A [ 2 B4, 2014, 27(5) ¢ 125—130.
XIONG W.CAI C S, YE J S. Experimental research on real-
time bridge scour monitoring using fiber Bragg grating sensors
[J]. China Journal of Highway and Transport, 2014, 27 (5);
125—130. (In Chinese)

ZRVET. A BRSO B BER A 3 0 WAL i g LD
a0 AU A R 2 AR T AR B . 2013 1—25.

LI Z X. Study on dynamic assessment method for highway
bridge double-column piers[ D]. Beijing: School of Civil Engi-
neering, Beijing Jiaotong University, 2013; 1 —25. (In Chi-
nese)

ZREE 7 BRI, Bl w3 B SRR A8 1 e ) A BR T 23 BT
(1] %5 412#,2006,27(9) : 1643—1645.

LIANG K,FANG L G,DUAN L L. Finite element analysis of
influence of scour on stability of piers []J]. Rock and Soil Me-
chanics, 2006,27(9): 1643—1645. (In Chinese)

WK RE  BLR. BRA 4k AT S 4 B DA A i 56 O ik 9 ()
Hr E 4k E R, 2007, 28(6) ; 133—135.

ZHAN ] W, XIA H. Soundness evaluation and experiment
method studies on existing railway piers[ ]J]. China Railway
Science, 2007,28(6): 133—135. (In Chinese)
T XA ST 2. SO T 5 20045 19 25 9530 ) o
BFGELT). WHG A AR 2016, 43(11) ¢ 2632,
ZHANG L W, ZHAO H, SHAO X D. Vehicle-bridge
interaction analysis of orthotropic steel deck bridge in fatigue
details[ J . Journal of Hunan University: Natural Sciences,
2016,43(11): 26—32. (In Chinese)

Gyt s B SO XA, 254 3l g A A P 10 % 20 43 ik 1
L MR R 224 BARBHFAR, 2004,31(3) : 68—71.

YIW ]J,MA W L,LIU G D. Modal analysis of soil-structure
dynamic interaction[ ] |. Journal of Hunan University: Natural
Sciences,2004,31(3): 68—71. (In Chinese)

API RP 2A-LLRFD-1993 Recommended practice for planning,
designing and constructing fixed offshore platforms-working
stress design[ S7]. 20th ed. Washington, DC: API, 1993. 62
—75.

SRRSO, TR IR SRS P iR (R ], 2.
BRI B Be 4R A R AR, 2013 87—92.

Structural Assessment Group. Assessment results for the
structural condition of Ningbo Zhaobaoshan bridge [ R .
Wuhan: China Railway Major Bridge Reconnaissance &
Design Institute Co,Ltd.2013;: 87—92. (In Chinese)



	2017年11期正文_部分145
	2017年11期正文_部分146
	2017年11期正文_部分147
	2017年11期正文_部分148
	2017年11期正文_部分149
	2017年11期正文_部分150
	2017年11期正文_部分151
	2017年11期正文_部分152
	2017年11期正文_部分153
	2017年11期正文_部分154
	2017年11期正文_部分155

