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Experimental study of tidal bore-induced pressures on piers in a macro-tidal estuary

LI Ying', PAN Dongzi®, PAN Cunhong’
(1. Zhejiang University of Water Resources and Electric Power, Hangzhou 310018, China; 2. Zhejiang Institute of Hydraulics and
Estuary, Hangzhou 310020, China)

Abstract: To understand the characteristics of tidal bore-induced pressures on design condition in a macro-tidal estuary, the Jiashao
Bridge on the Qiantang River was cited as an example and a dynamic test in site during the construction of the bridge was performed.
The tidal bore-induced pressures on main pier cofferdam and construction trestle were measured, and the features of distribution and the
change of the pressures were analyzed. The time-averaged and fluctuating pressures due to the tidal bore were discussed by the
Empirical Mode Decomposition (EMD) method. A fitting relationship between the pressures extrenmum and the height of the tidal bore
was developed. The measured pressures possess the characteristics of strong fluctuation and the EMD method can effectively deal with
the non-stationary and time-varying signals. The time-averaged components reflected the mean change trend of the local water level and
the fluctuating components reflected the turbulence of the free surface on the interaction between the tidal bore and the structures. For
the vertical distribution, the location of the maximum pressure extremum was on the vicinity of the low water level and the values
decreased with the increase of the sensor installation level. For the plane distribution, the location of the maximum pressure extremum
was on the upstream face of the main pier cofferdam and the minimum value was on the downstream face. The relationship between the
total pressure extremum and the height of tidal bore agreed with exponential distribution law and the fluctuating components as well.

Keywords : macro-tidal estuary; tidal bore; water pressure; empirical mode decomposition (EMD) ; pier; signal processing

BRI VLA 112 IR Sy T S R VL] Y B BB AL, AMEE D TS BRI R
Uie B e LA R o A v, DRI S8 WS 728 A AT PR Vb A e i 7= AR il 2R T ol 5K 20 T TR Il P 0 A

YeFs B HA:2016-11-14

ELTH : FR A RBEIE AT (51379190,50809062 ) 5 [ 5% B 24 3£ 4700 F (2011833140)

EEBN . #(1979-) , & Wil ae N, Bl# 7, T IR A TR I K 5 T A BFSE . E-mail ¢ liying@ zjweu.edu.cn
BISEE BAT, B, BRY SR TR, E-mail : pandz@ zjwater.gov.cn



54 ¥ & %35%

m L B K SR K M S E I E SR T R R B A TR AR (H i T
MG R A B I S B B 5 A TE BSOS EE F i SR R EE RN BE A R R, — Mk TR
e A 7 SR (v 0T 2 B S L A0 2 P 6 AT 2 45 20 A T O AR DG R . Ak T R R b i
R R e TR AR RS SO B4 5 AT T S 00 T O 5 o v 4 9 T AR I 6 BV S LU B AR IR R 1
PRI R A A RN AR A XA T\ AR A4 T WISk PR FNEEAEDEAT TR AR 8952 0 S s AR
SEEEU X HERE I T WU EAVE FH D BEAT TR AE ST 5 BB D 2 T R R VT S MR AT BT A2 14 1 1 9 R H M
(] S ] 1 g A AR EAT T Sh AR ; AR A4S X AR T30 A3 R T AT T B N ; A R A A
W T ERIETT AL 321 T Bt i AR I VR L R b 2 B E R O . (B T KM S e X4 55, 33
?Jﬂﬂiﬂ)‘(%ﬁ\?ﬂ%i&ﬁﬁ%ﬂm%)‘%#ﬁxﬁlﬁl,Hﬁﬁﬁ?ﬁﬁ‘ﬁﬁﬁé’ﬂ@ ST AARAAA R R 25 57

AR AL T, B LB, R ARSI KR IS, X — PR R S AT N T B R R TR 2, s AR R
?%)*’aifﬁ/IJclJJﬂ& 2 SRR RZ N, X B E A RIS VLI kRt K Bk R, EE?/ILJU/% TR I 2
BV R RAE SR (A5 SRRSO I, 3 48 KON T AT A SR A S 7S B A 0 R 1O 2% T AR A 73‘?4
P M AR 2 680 m, \tE. 5 AN FBMUIAE , LATE B IA] R AR Sk W e R Ak
AR SRR, AR SO R BN B S F TR 5 48 KF A4 SR BRI ) FH 24 B I 7R it 1 A9 AR AT RDOB SRR HE A
TR R T I  ARE R I A A5 AR SR A SRS o A (EMD ) SR HEAT T A 2 B, A5 20T
O3 A RIS AR R A5, TT SR S T AR R K IR ) 2 T AR 0T e T A5 4 $E LB PR R RN SE R 00

1 B Rtk

A - D TR 2 21 S I 6 R 2 BT B i WA 5.45 m, I EREA 4.02 m; B AR ~3.15 m, F-IM%
Pi-2.41 m; K22 8.59 m, FIMI 2% 6.44 m, W2 5 KB IHE R 6.65 m/s, TR 359 $5 Ik i 97 18y
5.37 m/s; W s B KIS IR R 4.40 m/s, FELAT- Y KIS R 3.70 m/s, V& W10 g B Sk 38 M T3k i
DI E R AE 7.5 h 2 8.5 h Z (8], Bk R T BHYAE 3.5 h =5 h Z[H],

RIS S Z AR MR, 4K URAR /NI, i T RRBEL 7 118 5 i e AS () 3 ) 38957 1) 2 5, 3 1 Jir
SZ A /N | BRI 7K B A5 2 Sl B A, 2l 3 R 2ok A e sl e B 2B e, O R A 3R 1 S R
Az o ER T R HE ] B R A R T A% ) I HE PR B, K TR O, 2 S SO I Sk 5 B

2 WARITR
FRARMF EBUK G N AUR G R TR B A D 7R 5 SR S M B IR 22 . ni&l 1 B, 8
(=) T 'y YL FEIHE N AR 40.6 m, A% 43.6 m, BIKEJE 24. 5 m,

FEFIE A0 B AT 4 F 4, Forh 1 26 55 90 17 F
(4 5 7 ) IR AE, 7 [T HE B 3T AR AR 00 A8 I A 5 S#
LR, B AR b 22 e (B ks 3 32, A% 145 (B] E
0.75 m,

h T PRUEAG A AR 32 3 LG R 5, T A 1)
RS 4E T 300 mmx 300 mmx 15 mm XA 0
(F 1(e))  fLuEas D B D 2% I B K T =A%
LA AR A T PRI I o AR A7 8 1 1 [
— MR AAL AR B TR — AU, R de, h

L Al TR I 2 R A S 037 A8 A i R A S#I %
Fig. 1 Setup of sensors Bﬁl_l«xﬁﬁll HT@MJAEO

3 WL

3.1 BHBENERATE
T A TEAE 9 K S LR S, 7K AN AT AR A e — ik [B] 28 SR A Ak, T EL /K AE T 2, 0 1 R0 7 1%
B AR Ak 0 Bk sh P g . A SCOR FH Y ol (B 2 38 T i vh T i 5 1 43 8h 8 B e KA, MY i 9




54 2RSSR A RO I T g g 55

TS RN E 2 Fios

35'.2'8 kPa
30} 255

0 40 80 120 160 200
A

B2 SR 0 P it
Fig. 2 Typical measured tidal bore-induced pressure
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Fig. 4 Vertical distribution of tidal bore-induced pressures

TEPE 4 T 5a, Shy Fll Sc, J2& S#I L& 3 ) [ 46 0
M55 ;5a, 5b, 1 5¢, /& EMD B0 15 2 i R HG 15
Sksh/r 54, .5b, Hl 5¢, IR IATE S AR 04
ME 4 TTLE R T AEAE R BT K AL (a 50
T K, I A A% A 20 250 = R A 1S i mi /N, e
DA 55 0 B 38 43 a8 A A R 2 JHE Jok o B
(B AR AR IE A S 25, RIVAE — 5 3 [T PR 3 B ik 3 e
SLI R DI 3E | A a i
34 EHEEFMENSH

T whl 32 HE AR T R AAGE B R AR
AR S 5 o PR ol | S TR L R 52 4% 1Y) e
Wiz sh S G, [ 16 ] B () Rk, Vi i

POz M2 R & IR BLG: . FIEE SR Sl Rl EMD 325 R AN 5 iezs . AIEL S ml LA
7 LU T (1) 9 1 T BHC vh - K, T IR (44) /N

L ) T I AR AR 23 A1 B 553 18] Y SC R AN TET 6 Firzs . DAL 6 mT ARt IEXT I [l Ak (1#) | He SR AR {EL
FROR 5 BB i 25 ) 1 #9020 KN, PSR M et ) , 0 TR (4) TR 1B/

E‘jj/ kPa

5 [Py oA

Fig. 5 Pressures distribution around cofferdam

35 BEENMBHSENXR

30 -

154

JEJ1/kPa
(=)

30 240~~~ 5
O 5L IHAR; o ik B o He Al

K6 R T A E 50 A

Fig. 6 Pressure extremums distribution around cofferdam
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