%194 55 M
2021 4E 10 ]

9 7K A6 IR 5 K R BB Crp 3 30

South-to-North Water Transfers and Water Science &. Technology

Vol.19 No. 5
Oct. 2021

DOI:10. 13476/]. cnki. nsbdak. 2021.0104

BE, 22, vk T AR v il R B I [T 1. ma K AL 5K AR (P33, 2021, 19(5) £ 999-1006. DENG K, WANG J.

Prediction of local scour depth at bridge piers under ice cover[ ]]. South-to-North Water Transfers and Water Science & Tech-

nology,2021,19(5):999-1006. (in Chinese)

7k = T B U BB M Rl R B T

S, EE

(HRE TR A ARG KA TR B - G HE 230009)

S ¢ PS030 2K 2K P B H0R) 5 B 40 150 50 08 5 1T 0 8 BL Csuppert vector machine, SVM) il BP
back propagation) 8 2411 17 i » EFL 40 41 B SR 5600 B8 306 o B 7 0K A A 4007, 04k 6
SR 3/4 1y BN BUR RO SRACHR A 1 /4 P BSOS SR . R MO A T K L 35 S0 For K
VR GHURZ b/ D IRV PR CE SR H d/ DK 2R RS 5 DR IETRE S22 H /604 DT ROV
d.. RIS BRI Gorse) THILX 48 HEIRPE Grer) A BRI S0 S 7 O
AL IR R T LB, BP H 2 M HORA SVM BCRAE B 1A 4 1 T BRBU o R i Sh
S r 43 089 A1 0. 88 MAPE 5251y 38. 8% i 3196 76 BNk 38 4 £ b 0 VR BE i B840 43 310
0.78 11 0. 73, MAPE 4M§1)y 43%4 1 46% , 455 BP 428 645 F SVM LR HIW 137 S 0K 36 2% T B85 o o

IR BE ot AT e A L

RSREAA : VK 5 R Y s R FUI 5 BP A 22 45 5 SR R L

hESFES:TVI33 XHERARERS: A

PR EURTR s R S A A 2 i AR 22 B AR
Z— AT AR A& Z I By 25 DK Y LK i » K A
TEZ TRIF R0 ol i LA B0 oK e T 5 4800 7
IR TR JEE X A FR 5 K T e 10 4 i RN oF
AR R,

FL R » XA 3500 Fe 8 v Rl [ AL PO AF 5 B 22 ) AT
XTI 2% 1 T SEAT 0, 40 gk AP AR Lai SE
Abou S5 G FEIE AN FeM 22 S50 g AR A
RESCAE | Aksoy S5 A5 50 8 Tl R B AT Y
JP AR T RN AT BT AT R B e
REERI A R UREE A 1F T U= 31 ki 1) At ) fF
FEAHET X WG ACAE T B ISUR 8 it A 5 0 5 7S
AU TSR AR LD AR A D L R
FIFRRXT K T A SR A o i JR& I AF 5 - Sui 21
BEAT T AR DG K RS DK St AT 3 i i X
B ABETE N AE—E 2 AF T UK S I A7AE XA B8R

5 HHA:2020-11-11 &6 H#1:2021-01-26

FRAE (FRRS ) #7E5 (0SID) :

T W P M B R s Wou SR IG5 T AR S)
PRUDTE UK 35 254 T 4 5 T Bl o) & e R r 1
S KRR EE I A2 85 SRR W B T VK S AL S
Rl R B 78 K s Namaee 26057 3 3 180 560 F 5%
ST 2 D IHHERR A B IR AN K S5 A5 T B R Rk oh
IR B TR A FERR AR T 5K a4
ERCEE A=A N EL R S
TR] 7 T BT IA S 300y X O ) I A3 AT FE K 5
FRAE T IR R R ) S o A

bl 15 B HOAR I & e 8BRS vk 1s I AE I vk
BReE R B ST OR BE M ME Rk 2, £
ST P o 22 ) 245 % i K TG R R 2 TR ) ok R
5K I T AC T RIS 5 B 22 S0 e 22 ]
LR R N A T 0T N S BOHRT H T s Wang
ZEL19T Massie S50 LT 1 2 ) 45 - i vk ZE 1) % A
HAT T BB SY ; Firat 229 | Choi 2674 55 Sreedhara

[ & tH AR B 18] : 2021-02-09

[ & H B 4E - hetps: //kns. cnki. net/kems/detail/13. 1430. TV. 20210208, 1537. 004. html

BETE: HE A RBEIL LT H (51879065) ; [F4¢ 5 S B & 12155 H (2018 YFC1508401) ; H [ g stk e {3y A B w1351 H (DJ-ZDZX-2016-02)
EF R A 1995, B ZRE IR EENF W PKK J1240F58 . E-mail : anhuidk@aliyun. com

BIEES: L4962 ), B ZMR KN HFZ WA S0, EEMNFEWKOK J12#0F5 . E-mail: junwanghfut@126. com

KA L A2 R « 999 .



F194& £ 58 BAE G AFFE(FIEID 2021 £ 10 A

A0 i ) P 25 6 S SR B B R %1 HBIR

(abaptive neuro-fuzzyinference system, ANFIS) , 3% R et

FyajE AL (support vectvr machine, SVM) i J7 ¥ % iﬁj‘\fiﬁ Ve [:)/%ﬁ o Ve [;d;% T
T I SR 96 o R E 8 PP AT T BT —
5% s Ebtehaj 252045 (438 R A4 BR 25 = HL X 2R3 05, o U, o
ARV R I 5 B4 4 bR (A B ] 018 0.24
T I SRLSE R FE 6T T s Baceni 4517 T .
15 Hong 47 4M AL T 25 R4 1 SVM A B bz Z0TB o gn 3 o
AS AR R R P BE B 4T T F5% 5 Toth 0. 21 0. 21
4080 B R edal ™ 43 1T S 4 ) ik ] 51 8 £ 25 010 016
TR T RS TR BE | I T 45 5 R R 3 N 019
W GCTR S SO H B 45 AT T HOE 03 T A e o0 g 0.0
T R 7 B T T AR o VR E 3 018 018
FAE 0. 20 0. 20

RLFFL T8 B 50T A5 58 R - -
IR HEA X I 00 45 1 HEAT 19 L X VK 35 R wh 47t 0 0.18 0.20
VR BRI S LT B A 7 DA T R vk T Vo om
VARt TSR B R O E S — P AR BT e -
T, ARFIERT SVM #1 BP (back propagation) 0.713 8 ;g 5 0.713
W28 FL X UK 38 B TR A PE R R BIUR 3 p R e T 0.21
HEFT T B L LA WA 22 4 B R S0 8%, 022 3 2

0. 22 4

1 REHEH — 2 fg

455 T SR L LR PB4 K T L Bl ols 2 ol 2
VK35 L 7.5 7R (AR 40050 00 A B 3 1 T AE K 0.20 0.100 — 2 0. 440
i BRACBERIAG 7% D 4RI 2.3 4 cms K 01 T
U 10 o JE G R VDS R U0 9 R (B RLR s B va Ca
0.44.,0. 71 mm; W ~F 2 5 VR BCE B 0.18
0. 16~0. 26 m/s; JEHL 4 ARFIKGE G K 5.10,15, 15 T
20 em), SEEMYLE T L E 1, K% KM K 0.26
26.68 m . 5 0. 40 m. ACHS UK I /K AN T3 02z o s
ek PR K R 1 R 0 A A e 5 1] AT 0.26 T
W KA T A B L 1. 2 vk s R AREUR 0.26
R R PRV W TP 30 5 e TP oo
KR U W W0 53 5 . bSO E 2
2 BESHBENEG . 2
2.1 BP# %M %4 SVM o; o Poom o oo

BP 125 5 45 J2: — T Al 2 WAL i A ' Ll
AT . RBAEIE Ao X S A B AT VI 25 2 ST B 0. 22
BN R R SRS —ERAR .2 wools o1
JRBARTR LR . A S R A B A 0.2z 2 0.2z 2
JRAE AL it WA R RO AL B N S i TS 0% . 0.2 o5
SR S R 2 L R R 2 v
3R i EAUE AN B, HAUR 2 BP 22 223 T
AN L 3. 0.26

- 1000 « KA zAHR



%

oK T AR R S ok RO

L [t | iR i1
L1 : X X X X X X X X X X X X X - : : : : il [ 1]
\— 1 2 3 4 5 6 7 8§ 9 10 11 12 13 14 15 16 17 18 19 20 21 22
. 525m L 26.68 m | 2.45m |
1 1 1 1
Bl IHEAEFTEGE
Fig. 1 Laboratory flume layout plan
J K\ K;D"*(V—=V")) V<V,
T / V_V/ " (2)
K K, D" (V=V')o— V>V,
1 ! m 0 (Vo 7V 0 > 0
65-2 1B IE :
J Klsz D06 015 (VﬁV 0 ) v<V,
d.= v & ) (3)
IKI K, D" ho (TO ) v
KD AW IEAR, ms VW 2, mY/ s
B2 ok THSUSSmRREE o I
Fig. 2 Local scour of bridge pier under ice cover \ w Vo 2450 V. $E3H0. Blad 5
2 Lol oo i i undes o o wonotition =9 (Y

3 WMEERE BP HEREHIMN G
Fig. 3 Topological structure of BP neural network

with double hidden layers

SVM J&—Fh 3 F 451124 2 B s v R e 5
e TEAL TR /INRE A | A 2R 1 ] B A L 4 2 4 1 £
A, B G AR SEAE Ry By A7 A1 4 s i A
3] o5 4 23 1] T A2 P U £ A R P i) A
TE 1o 4 2 18] P -4 iy A S R I HH A 2 A 4R
KR,
2.2 (2EMNEFEATERLHSAE

S5 [ HLTE R A A 1 R R IOR s o e A
B HEC-185

0. 65
Ly 0K KK (L) R (D

Krrad, Rl BTR BE  ms b A W T P2 K TS mis
K, WEOUAE IE R G K, KA1 E R K,
N R ZRAABE 25 0 D9 /KA S8 BT - s Fr R 7K
7R

TR 2 B TAREK ST SR M 8Umy # e
TRIGTEREE T A Ry

65-1 E1E

Hoerfr, dso RIRYD BRI AR s K K AT PRI VD52 1)
FEG AT (D) G RAG Vo MIevb A sl i .
m/s; Vo R Y Vb w3 m/s. K (2) . (3)
THEMBUR TR rfRI ST B B KA

1,1
Kp=0.8( 5wt 77) )
K,=0.8(" 022 340 37545 ) (5)

2.3 RyELHF

56 254 5 Hains 50 SCHRL10-15 ] AfF 5L
JRrTR R A B E AR & A5 2 1105 B AR
REURES R STECE A 179 AN UK EE S5 E T AU
PR ORISR . FEIE K ol S50 520 vk s T AR
JRFRIPRIREE d. 1 EZPR R A KL VIR by
Bridsie D RIS HERLAE dso IR TRTEESR 7, DK
T PERRAER n,, A[FE A6 PRI RECCR

d,=fV,h,D.ds  n,,n;) (6)

UK i A7 AE 45 Y0 T8 T T TR ) 9 A A U
TERL T il 1 s i “ Pl 2 AL o H: g5 KU B A g
] PR N R THTRE 38 5 PRUDAE 58 2 ) BB 5 Ry — 7
], VK T ARIREA n, l R B4R AE | PR T A
o, BIRV B PR GE . K6 T 6 D2
U1 R R 1/ At v e+ ) P R 3 1 7 7 R
B Fr KR SEARM E »/D, P ERR SRR
FUAEL dso /D DK 5 T 3 THI RS 58 5 K MR 5 19 be |
n;/my, o T 25 SRR AR 56 R A G VB 7 i iR 22
(Oruse) ~ P-4 48 X5 H 43 LR 25 (Sware) < B E R 3R
(RO HATIEAH

KA A Hxw - 1001 -



F19% & 54

B AT 5 AR BB 350

2021 48 10 A

N
(x;—2)(y; — )
r= Ll : D)

N N
D =D (v — 3
i=1 i=1

N
ORMSE = /%2 (1"; *y>2 (8)
i=1

100% <N |2, — i

Bunee = — Zl 5.
S s R EIUR BB ) 70 R B SR s v RS
B BT TR BE TR 5 2 v 43 53] SR AR XS I (4 2411 5

N B PSR A AL
3 GRSt

3.1 AT AREE R R LR TR
ST SVM LRI BP 125 /0 45 AR AR | r ] K

€

W 65-1 B IE Y 65-2 &1 20 LA K € B #L i P
HEC-18 23 2 H B 7t T #7380 38 o i) DT J22 » F50)
{HSSCME AR ZR DL 4, 136 2 AT, oh RS L 92
R  BP 12 J 2 # RN SVM RS RL B - 43531 o4
0.83.0. 54, 0.89, 0. 88, RMSE 4 %] 2}y 2.07, 4. 44,
0. 77.0. 94 cm, FH] BP 2 M5 BRI SVM BRI L
FEBIE R THE-18 /220, o E BLYE ) 65-1 & 1E X
1 65-2 MBI A TS X B 3t 25 A4 B KU 3 il 470
TREE L TRR BP #1258 ) 8 455 SVM BT o TR,
RMSE H/), 541K 4(c)  4(dD FIFE 2, BP #2 K
LA SVM L) MAPE 43 51 2y 38.8%,
31%,SVM Bl MAPE B/, 58] SVM f A 75
TR A T BRI AR o ST R 2 i 5 BP 2
W2 3 EAL I A THE-18 23 X A e [ A3 9 65-1
BIEZH 65-2 B IELAH L, B 25 SR B hp

B4 4 MAEXAREG TS RIGUR R HNES SNER R

Fig. 4 Comparison of predicted value and measured value of local scour pit depth of bridge pier under clear current conditions by four methods

3.2 JRE TR IR R LR TR
B TR G ) DR A5 0E T R ISUR T et e 6

e 1002 « KA AR

Py 3/4 A0 BP iz M5 #RF1 SVM BT 1 3]
ZhE . 1/ 4 AR IR L X UK 26 AF T AR U



%

oK T AR R S ok RO

#S R LR EE AT T T o
£ 2 FESEEFRNFHARGTREEROS MG

Tab. 2 Parameter statistics of different models
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Prediction of local scour depth at bridge piers under ice cover
DENG Kang, WANG Jun
(School of Civil and Hydraulic Engineering . He fei University of Technology.Hefei 230009, China)

Abstract: The local scour of bridge piers is intensified by the existence of ice cover. Correct calculation of local scour pit depth of
bridge piers under ice cover is very important for the safety design of bridge. Many experts and scholars studies the free flow
under the condition of bridge pier local scour pit depth by experimental research and artificial intelligence method. The study of
bridge pier local scour problem under the condition of ice compared to the free flow conditions in terms of local scour of bridge
piers research started late,and the research is relatively small,so the use of artificial intelligence method is helpful to predict the
laboratory bridge pier local scour pit depth.

Based on the principle of dimensional analysis, the relevant factors affecting the local scour of bridge piers were analyzed by
the support vector machine (SVM) and BP neural network based on the experimental data of local scour of bridge piers under
the conditions of clear water scour in the laboratory. Three-quarters of the test data were taken as the training data set of the
scour pit prediction model,and one-fourth as the test data set of the scour pit prediction model. When calculating the local scour
pit depth of bridge pier under the condition of open flow, the input factors of the model are: flow Froude number Fr, the ratio of
water depth to pier diameter h/D, the ratio of median particle size of bed sand to pier diameter ds,/D. Output factor: scour pit
depth d,. The local scour pit depth of bridge piers were calculated using the 65-1 and 65-2 revisions in the Chinese Highway En-
gineering Hydrological Survey and Design Code (2015) and the HEC-18 formula in the American Code,and the calculated re-
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sults were compared with the predicted results of SVM and BP neural network model.

When predicting the local scour pit depth of bridge pier under ice sheet conditions,the input factors of the model are: flow
Froude number Fr,the ratio of water depth to pier diameter 2/D, the ratio of median particle size of bed sand to pier diameter
ds, /D, the ratio of ice cover roughness to channel bed roughness ni/nb. Output factor: scour pit depth DS, and the predicted re-
sults are compared with the test results. The correlation coefficient (), root mean square error (Srvse) » mean absolute percent-
age error (Swape) »and determination coefficient (R?) was used as the evaluation indexes of the prediction results. When predic-
ting the local scour pit depth of the bridge pier under the condition of open flow, the r of BP neural network model and SVM
model are 0. 89 and 0. 88,and dwape is 38. 8% and 31%4, respectively. The r and Suape of local scour pit depth of piers are 0. 83
and 0. 53 cm, respectively,and 61. 2% and 189 % , respectively, according to Chinese code formula and American code formula.
When predicting the scour pit depth under ice sheet conditions, the predicted r values are 0. 78 and 0. 73, and Swape values are
43% and 46 % , respectively.

By integrating the test data of pier local scour under the current ice sheet and open flow conditions, the depth of the pier lo-
cal scour pit was predicted by BP neural network model, SVM model, Chinese code, and American code. It is found that the
study of pier local scour under open flow is enlightening,and the relationship between pier local scour depth and water depth,
velocity,and pier diameter under open flow and ice cover is significant, there is a nonlinear relationship between the influence
factors. When the BP neural network model and SVM model were used to predict the local scour depth of bridge piers under
open flow, the accuracy is generally higher than the calculation results of Chinese code and American code. BP neural network
model and SVM model showed good performance in predicting the local scour pit depth of bridge piers under open flow and ice
capsand the prediction results have high accuracy, which can provide a certain reference for the safety design of bridges.

Key words: ice cover;local scour; pier; prediction; BP neural network;support vector machine
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Based on ABAQUS software and homogenization theory,a three-dimensional finite element calculation model of the aque-
duct was established to calculate the stress,deformation, and foundation settlement distribution of the whole structure of the aq-
ueduct under different working conditions. Furthermore, the influence of differential load and temperature load on the aqueduct
structure was presented, Finally, the structural safety of the aqueduct was comprehensively evaluated.

Under different load conditions, the maximum compressive stress of each pier of the Shuguang aqueduct was mainly distrib-
uted at the contact position between abutment and pier. The maximum tensile stress of each pier appeared at the bottom of the
abutment of the pier. The maximum compressive stress and tensile stress were 2. 90 MPa and 2. 29 MPa, respectively. The ten-
sile stress of the pier exceeded the tensile strength of the masonry cementitious material but only occurred in a small local area.
However, when the temperature dropped, the pier was greatly affected by tensile force,and the tensile stress in the middle of the
pier and the bottom of the pier exceeded the tensile strength of masonry cementitious material, which had a great influence on
the structure of the pier. Under the action of static load, the transverse displacement of the aqueduct was mainly located in the
middle of the aqueduct, the longitudinal displacement was mainly distributed at both ends of the aqueduct structure. The settle-
ment of the aqueduct was mainly located on the leeward side of the pier and abutment. The maximum settlement of pier founda-
tion and settlement difference of adjacent pier foundation under each working condition appeared in Condition 6, with the maxi-
mum settlement value of 1. 57 mm and the maximum settlement difference of 1. 07 mm. The settlement difference of the aque-
duct and adjacent pier was less than the allowable value of 100 mm and 50 mm, respectively, which can meet the requirements.
The differential load and temperature load on the aqueduct pier would cause horizontal tensile stress in the middle of the pier,
which caused longitudinal cracks. The sudden drop in air temperature induce surface temperature cracks in the aqueduct pier, but
it did not affect the deep part of the pier structure. Two suggestions were proposed, including strengthening deformation moni-
toring in the middle of the pier and repairing the surface cracks.

Through comprehensive analysis, it indicated that the structural safety of the aqueduct was recognized as Class B. The re-
search methods and achievements can provide a reference for structural stress and deformation analysis and safety evaluation of
similar aqueduct projects.

Key words: Shuguang aqueduct;crack; stress; settlement; safety assessment
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