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Experimental study of influence of ridged collar on local scour of bridge piers under ice sheet//MOU Xianyou',
CHEN Bingru' , GAO Pengcheng' , LI Bashuan®, LUO Hongchun' , JI Honglan' (1. College of Water Conservancy and Civil
Engineering , Inner Mongolia Agricultural University, Hohhot 010018, China; 2. Hohhot Togtoh County Rural Revitalization
Coordinated Development Center, Togtoh 010200, China)

Abstract: Based on the principle of local scour of bridge piers, and on the basis of the anti-scour measures of horizontal
collars, a new anti-scour protection measure, called ridged collar, which can change the water flow around the piers was
designed. In order to explore the protective effect of the ridged collar on the local scour of cylindrical bridge piers, indoor
physical model tests were conducted using ridged collars of different shapes, and the scour characteristics and hydraulic
properties around the pier were studied. The test results show that, the protection effect is the best for a ridged collar
installed on the bed surface with a height of 1 ¢m and an angle of 135°. Compared with cases of no protective measures,
after the ridged collar is installed on the bridge pier, the maximum scour depth reduction can reach 62.2% , and the
vertical flow velocity and vertical turbulence intensity at the bottom of the pier can be significantly reduced. Through
multivariate analysis, an empirical equation for calculating the non-dimensional maximum scour depth around the pier is
established, which is applicable to both open channel flows and flows under ice sheet.

Key words: bridge pier scour; ridged collar; ice sheet; scour characteristics; hydraulic properties; maximum scour depth
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Numerical simulation of hydrodynamics of open-channel confluences with bend flow//ZENG Cheng', YIN Yuran',
CHEN Chen', ZHOU Jie*, QIU Fei', BAI Yimo', WANG Lingling' (1. College of Water Conservancy and Hydropower
Engineering, Hohai University, Nanjing 210098, China; 2. College of Mechanics and Materials, Hohat University, Nanjing
211100, China)

Abstract: In order to study the impacts of different width-depth ratios and radius-width ratios on the hydrodynamic
characteristics at open-channel confluences with bend flow, a three-dimensional numerical model was established by using
the volume of fluid (VOF) method for the free surface capture and adopting the RNG k-& model for the governing equations
closure. The water surface pattern, velocity distribution, secondary flow and shape of separation zone were analyzed after
the simulations of five combined cases with three width-depth ratios and three radius-width ratios. The results indicate that
the degree of water level drop near the intersection decreases with the increase of the width-depth ratio or the decrease of the
radius-width ratio. Compared to the radius-width ratio, the width-depth ratio has a stronger impact on the non-uniformity of
velocity distribution at the confluence and the downstream area. When the width-depth ratio increases, the longitudinal flow
rate increases and the non-uniformity of velocity distribution increases with enhanced flow deflection effect. When the width-
depth ratio or radius-width ratio increases, the reflux structure at the bend is enhanced, the size of the separation zone
increases with narrower and longer horizontal form.

Key words: open-channel bend flow; tributary flow; width-depth ratio; radius-width ratio; numerical simulation
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BRI S, 40T T 2810 A R 2 b X 28 3025 T /K i
051 P = 15 0 RS 1= vl I IR 01 53 R R ey
P THE AT A i AR R ST 58I
TR B T X AS [R5 38 LRI 2 R 2830 A )
WD AR SO [R] 2558 LT T 285 A IH R 2 57
T LA TRME BT 53, 3 S AL 25 T i
TR LU FNAR 98 L X 7K Bl 1R R 2

1 HERR

1.1 =EHIFE
FH YR 725 S A2 YK T A48 6 A2 1) J e S 1
gy SFE RSN

Jap d
Py % (pu)= 1
o * g (Pr) =0 (1)

d d ap ) du,
—(pu,) + —(puu,)=— 1 + |, = _pu
8t( w) axj-( uluj) o, axj(lL 0x; puiuj)

(2)
w2 oy 2 HIARR (d,7=1,2,3) 5u; w5390
R O ) R B X s ¢ SR ] p SRy I A B R
g WEITINEE ; p K8 w83l I 5 R 8L
pu' o HEWERLS]

K HEFL R %L (volume of fluid, VOF) B4 H#E H
FHR IR, AS BRTTRIIR TR Ve, KR T R vy, )
KRR ay N

Ay =+ (3)

ay =1 FIRMERITTH TR IK  ay =0 K A% L
TN TR R Z R, 0<ay <1 Fon iz M R ITAEAE
HIZKTE . ay RIS TR
day, 9
ot ayu) =0 )
i AR AR, AT AR T U s BT A H
MHHHEBH g W B RS
b =ayhy + (1 —ay), (5)
L TR W RIRIKGA FRE AR
AR RNG k-e 588U 35t P 455 1) 5 R BB 4EL K
Wi,k TR & RE RN

Ok _ 0 (M“‘Cﬁ)% +P, —e (6)

i ox; - GTCL kea,/ ox;
o€ 9 k2 ) 68] & &
— = L )= +C,, =P, -C, =
u; 8xi axi (/.L + Cﬂ eo, axi + le k k 2¢e k
(7)
2
A e ]
& Lo, dx;  Ox,
1 -n/
¢, =140 -1 =/m)
1+ By
k

€, =1.68 =S

1 (du, Ou,
Sl:,- = 2(696; + E)xj)

Ak AZRBNEE ;o NETUAERUR PRSI AELE L
T35 n, B C, oo, BB 42 51 % 4,377
0.012.0.085.,0.7179 1 0.7179, RNG k-s $#%
JE T A1l 1 A R 5 0 4 BRI AE HBCAE SO, B A
e IR C, AN WR T HAD 3 B (E 25 h FIg I
RIS | A s 1 o8

W5 K 77 f# k5 >R H SIMPLE ( semi-implicit
method for pressure linked equations ) 5% | HABI0 25

S =(25,5,)"
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HICR H QUICK ( quadratic upstream  interpolation for
convective kinematics ) ¥ 2, A 1031 5L 43 R K AH AN
SRR KA R SRR R 11 SRR O s gk 15 i
RIS R ERABOE | E KA S5 KA (E
— 3, W H R K SRS 5 2E ) DR ZR SR
EFERCR I P B IR 56 8 S T8 R i
Ao 5 BE THT g [ BE L
1.2 M&x 5 RAEBIGHIE

ARSI Sui A5 B A SE S8 K IR 5
Sy Glt O R BC(E A LB 5, B = A R R
K1 (a) R BERE B R 0. 45 m, AR AR a5 7 T 25
BT L AL, BALEAR RS 1(b) s, ot
1 @ o 180° Y25 1H R AIIT A ST KR A8, &5 1

x (a) KR =4R SR
4m
>
. p=150°
\@=120°
3.5m
R=15m YU_
/ y TO.?) m
~p=60°
EI —> T~ R=25m
(b)) P 7R
Bl RLCEERETEE
- i EE
0.18 0.18 0.18
gou gou éou
= = =
0.06 0.06 0.06

FRWEEBERKY R 4m, BENER 1S m, T
KRR =2m AMER 2. 5m, TG 1 m, JE
TR 3.5 m, B8 0. 3m, SIS A AR M ST
o= 90°KbAAZZ . 5 v 25 B AN A B A ML A
B, BUEAISEUK S P B AR K, 24538 F O
HON0. 03 m’ /s, SCAEHE TN 0. 018 m’ /s, A
KB R 0. 18 m,

WA 2 FroR R FH 7S TR SS #6) A0 A% X6 355 1X.
SR HEA T 43, E RE T B ST A0 S8 10 BRI R A T XA T
2 S EH 360 x 68 x 24

E2 =4miErEE

K3 N o= 60°H @= 120° i 1 2 5] I 32 4
UEZE S, Hop 1 KR, BY O JG 4044 ) R
B =0F/RIMNEHEE B =1 FonrEieE, HE 3
AT LA B T B A A TR A R SR E W) A
U, 1€ o= 60°Wiih , D\ 1n) it B AE [F]— L B 4 A
BT AR @ = 120° Wi 1, bifi 75 T 4k A0 5 3T 1]
B, G ) P TR R/ )N | 2 A U] R 0 BE ST B A7
H, MM, = 60°Wr ik mFEmE KT o= 120°
BT IET o A A 2

— iHE
0.18 0.18
£ 012 - £ 02
T T
0.06 - 0.06

u/(m-.s-1) u/(m-.s-1) u/(m.s-1) u/(m-.s-1) u/(m.s-1)
(a)e=60°, B*=0.16 (b) ¢=60°, p*=0.28 (c¢) ¢=60°, B*=0.45 (d) ¢=60°, B*=0.62 (e) ¢=60°, B*=0.79
0.18 0.18 0.18 0.18 0.18
£ 0.12 £ 0.12 £ 0.12 £ 0.12 g 0.12
T T T T T
0.06 - 0.06 0.06 0.06 . 0.06
0 ’ - -
-0.5 0 05 0 05 10 0 05 10
ul/(m.s1) u/(m.s1) ul(m.s1) ul(m.s1) ul/(m.s-1)

(f) ¢=120°, B*=0.16 (g) ¢=120°, B*=0.28

(h) ¢=120°, B*=0.45

(i) ¢=120°, B*=0.62 (j) @=120°, B*=0.79

3 RICRM 7 B E X b
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2 BRSNS

2.1 HERBIR

TEAL 25 T /K AR A B kL il | BE X 3 20 98
W (H =1.53.0.5.0) F13 A% (R, =1.0,
1.5.2.0) LT = 4EBUER AU ST, A [F] v IR L
MARTE TR TS BN R 1 PR, AFE TR
T AR GE KR H AL K H R
FE b T AR S E R AR R, TR T
& R 7S AR S5 R A A%, A [R] T 000 I A 450 7
54 J7 ~65 Jizz 8, ASIR 08 AL A B Y7 25 T
MR, AT A 392 90° 3k it i He 3R 0. 6, 1%
TS FE R AR B8 X 28 25 3 7K 3t A 52 )

®1 FLEEHEIRSH
TH H, R, Hy/m H//m  R./m Re Fr
1 1.5 2.0 0.67 0. 603 2.0 12693 0.017
2 3.0 2.0 0.33 0.297 2.0 17893 0.051
3 5.0 2.0 0.20 0. 180 2.0 21216 0.107
4 50 L5 0.20 0.180 1.5 21216 0.107
5 5.0 1.0 0.20 0.180 1.0 21216 0.107
2.2 KERE

SN A5 E A HR IS A 70 A 7= LR R, SR
Mk S B 96 H o 2 4 F 0200 S5k o Rk
oA BLANE 4 R (e 2 =H/H,)

1.02f R
1.00 > — B*=0.5
B*=0.7
098}
N
0.96|
0.94} LA\\\
0.92 _

0 30 60 90 120 150 180
e/(°)
B4 ZCXEERRKERZIE
I 4 ATLUE 52 SR AL THEVE R | 52
L (o= 90°) &b /K TH & A= Bk V& o k7% T IR i AL B
BNIERROAFE— S N IR EThRY /e, H e
AR X R AT b T B S 7R
DU RIBR T BRE T (U1 Ik v MRk 32 A 5 I T B2k 7
FIREJE IO NG T Z 5 AKAL g5, AR AT

i, Il LB pR Oy R — A5 i S L A B L
X SIS S BT K T 2 B89 52 0, %o T AN [
ZRME T ORTREL R AT AR SLUNTT

h

max

h’min < 8 )

2 R B S50 BT =0, 3 AEUTREIK TH 2k 2k 75 T
B FNAS R EK AL, B R T S8 TR B FIAR 5 U XS 25
A XK A AR R ) 2R

2 AR SETR FERIAR 9 LE 2% A R KR LE B3
BEER, T LR I AR S8 L — eI, b B 9 TR L s
JINTIT TR 5 SR LU PR FFAAE I, b B 422 98 HE I
NI/, XTI Bl 5 TR L/ A BE L
R, SCRAIXS S H L i 25 TE KRBT A AT s
KA ZE g RS B 253G K, S K
TR 728 S B ., K 1A 15 75 0 B ) RE i S e R LA
HOARIZL,

h' =

x2 KRHITEER

H, R, h' H, R, X
1.5 2.0 1.0822 5.0 1.5 1.0437
3.0 2.0 1.0520 5.0 1.0 1.0371
5.0 2.0 1.044 4

2.3 RESH

R AR T AL A T b, DAtE F AR
ST ) w R 1) O T v 3 18] A w0 PR AT G AN
0, U =w/uy, V" =v/uy, W' = w/uy, B5HHT
TEIRI R 5 BT M2 i 27 =0.3( FJ2) . 2" =
0.5(HE)MZ" =0.7( LE) M U 5 Fi
SRV S S S N | W 2 o e N L B TS -
FAE—3, QU0 T TS G 2 0] I A AR AL
TR H Bl g T B ARE, 3800 1 Ab K i kA
P o 3SR Ui 0 BH e R 7K I o X 42, A8
LTS 9 1M1 s e o S [, 257308 e 7K D T s o
7 BHK IR AR S T 2 T G ) Y B TR )N

St — A BT T TR HE AR B8 e 38 T2 T i ok
SRR, EE 3 L T 0 27 =0. 5 Ab ki) iftdit
AL RAEATXT L, W 6 FR , AR 8T L FNAR 98 L
TR A A A — 3, TR, TEIR
XoF Yk A1 S ) B Sy Y k| ELAA SR I Oy« AN [] S TR

[0 .

-04-02 0 0204 060810121416 18202224

y/

(a) 7*=03

(b) z*=05

y

V/

(e)z*=0.7

Bs5 TER.HREMLEENE@RESSH
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s

1

(a) Hi=3, R;=2

(b) Hi=5, R;=2

[Z8 i S N N S S N N ]
-04-02 0 0204 060810121416 18202224

y/

!

/

(¢) Hi=5, R=1.5

6 ARIRTHNERES

R W< 9 I S A 7 N [ B e N N A T
Bl 5 R LRI , 25 T A D P 5800 D555, Tk T A
] ARARAR BE U /N, AT TR g R , 4 X
TERIN, 20 88 XA e XK AR S

K7 AR M R AL R iiE o= 120°W7 1 i
A, AT LA ), R F G A A T 43 1 XRS5
M B S, B R B /IS B DB 1T A A0 1T e Ak T g DX 9
VN & TR Al N = 1 s R R A O ol A A
B ORITRE i Th AL L G

25 L AR S TR H AN AR B S 58I 1 A
T LA i K Sul it 38 3 A7 A7 A 52 e, He v S R L Y
SRR BE A 50 TR LIRS 9N ) 3 i AE D n)

*

0 02 04 0.6 0.

R [ b AR A B2 RERATR , A o) A 7 W D) Y
I L0y 1 B o B @ (1 55 IR e B ik N o A A
SN R AN B ta I S 75 = A e = /0 N
WIS O 08 XK RO s B K IR 7 ) 284k
FREEmS A K
2.4 BFEENR

B 8 AR T O T AL i o = 60° Wil 38
L RE @ =120°Wi i Al @ = 150° Wi vV —W ™ il
R,

AL SE A, A2 T e U T B O 45 A 5 L Ui
U TR A A b A A T TR 0T R AR DX N AT AU
FPRPLILGE , [M] 52 43 525 DX o) R o) 3 S/ N, FE

[ IS N S S I SN N |
-04-02 0 0204 06 0810121416 18202224

1.0 1.0 1.0
8 10 0 02 04 0.6 08 1.0 0 02 04 0.6 08 1.0
B* B*

B*
(a) Hi=3, R,=2

(b) Hi=5, R;=2

(¢) Hi=5, R=1.5

7 ABRIRT o= 120°WIERIED T

(g) ¢=150°, H=3, Ri=2

KA K A R ,2023,43(2)

— IR — IR

0.2 0.4 0.6 0.8
B
(h) ¢=150°, H:=5, Re=2

8 AEIR TETEIAGR
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(i) ¢=150°, Hi=5, R:=1.5
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BXJLPEAZIREW ARG, HIE8(a) ~ (¢)
AT LA 20 L i W T A7 B 8 04 396 B 4 A 3
BE O = € N L U= N = € N [ T D= 7
TR LB T FEUR/IN | 32T T 3t DB 1 3 3 205 4 k2
ek, BE8(d) ~ (f) Al LLEH, TR 2 B,
@ =120° W T ™ 52 YL 4 DX AT LA 21 4 7 1) A1 L
PRI, A2 98 LA 1.5 B ALREE B0 = L —
[[IinET i

AR R R A SO Shukry ™) HE HY B3
it R BE T A SO 2 25 T PR R AR AR .

V2
S, =3 (9
Horr ny:«/vz +w V=i’ +v" +w
ol S, R

Pl 9 ST - B PR SR B S, W AR 43 A T4
T AT LU []— D7 T Ak R T P 5 3 i 9 ¢ L
T 58 Hessl/ NG A, 2SI 1T 3, BRI BRI 4 T 1
5t 5 SV W (o = 90°) i F 33 AL, K = sl
PTG , DT TFT A 30 56 38 5 e KA, 5 i A1 O 5
— B0 AR R i I T A% T B 5 2
AN, 2 o 1 90°HE K E 12000, BRI IR B, BE S
RS A T, Y @ B 150°3 K & 180°HT, ¥

TS BE /N
05¢

—— H;=3, R,=2

041 —— H:=5, R,=2

. 031 ——H:=5, Ri=1.5
tery

02f
0.1+

0 30 60 90 120 150 180
e/ (°)

B9 WEFEHRTRRELENST

2.5 HBERES
o1 B XA W 58 Ty = A i A 2
o TREIEAEE AP B IX 4 A &
LA X T e A =253 25 X A8 B RB AR 43k
H i AR SCRIFE R AR (E 2R LA B IX
K10 b H,=5 R, =2 BB X =4 n B K, i
10 AT UL, 25 T8 A0 40 1 DX S I 1T i M 2 3

BE R ER /NI RS, ) EF e S, 5
ISR e e G R S = NS D

EBONGE TR« T3 ), SR MK G T w2k y T,
TKIETT IR 2 F TS AR ZR . AT X LA #T, DA
B M R R X« A1y T TR BN, X =2/R,
Y* =y/R, X R NGIE XG5 TE M BE (AR,

10 ZTERCHABR=#REE

Kl 11(a) A H =5 R, =2 BB XJERE, AT 0L
G388 DX KT RSB o K R 8 R T S22 0/ s a3, PRk
AR SR 5318 X 3R 2 KA RO T 1) TR FEAE Ry LA
FAESEL, & s XK L A RIZTE X Rl
SR TR W, 3R )25 4 1 0 B e KB
Ry X R 2 R KAE ;=5 8 H, o0 8 IXTE
2V G R ARG 4 B XA AR Y
H =5 R =2 I S IX K EE L =0.94, 5 W, =
0.235, % H,=0.9,

BI11(h) FE 11 (e) 23930 H, =3 R, =2 Fl

TTTTTTTTTTTT T

0.100 0.112 0.124 0.136 0.149 0161 0.173 0.185 0.197 0.209 0.222 0.234 0.246

(a) Hr=5, R,=2

(¢) Hi=15, Ri=2

(d) Hi=5,R:=15

(b) He=3, R,=2

)

(e) Hr=5, R:=1

11 ARIRTHBERES
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H =1.5 R =2 BB XIEAEK, W WL Y1258 1L R,
— eI BEE TR LN, A3 B XA B L, R B H
Bl 2 30N, R AR SE VR bl 3 J8/NE 1.5 BB IX
KJEARLTE R B 2, SR T S0 W, Bl 5 TR HL
OB 43S X E ) ROSE AR AR B K
B IR/ NN 1.5 B DR A S X K,

EI11(d) FE 11 (e) 20510 H =5 R =1.5
H.=5 R =1W3rEXESE, MREL H —En,
B 4% 0 LN, A B X L, S W, R
AN | IR TS BN

FKINARTH T X LW, M H, ITE
gEH, MR 3 AL, B IXKEE L, 2 YR AR T8
LU R SE AR, T R SR L 5 4 185 X9 32 B W S L
AR AL R B 5 0 B XK B AR 5 AN ) T80 40 B X
JEH, L8225, B8 T 9B oy 1.5 B 3 i T
Ay B IKIE I o0 DX A /N

F3 AEIRTL.W FH WITEER

H, R, L W, H,
L5 2.0 0.252 0.2458 0.85
3.0 2.0 0.845 0.2383 0.90
5.0 2.0 0. 940 0.2350 0.90
5.0 1.5 0.925 0.2353 0.90
5.0 1.0 0.883 0.2328 0.90

TEAR SO T 00, SETR FE X T 00 B IX A 52
i ) S 5 FAR BE L, 25 SETR HE B B LU A/, 73
DR Bl 58 % U siA2 98 LU AR IR RS OR . 2 SETR L
BARTE LU R, 20 B DXRUSH R, 7K RUSE B T
K, Wbz 8, RISZIC S B A e B ST L
AR TE e H B 5 0 ] 45 449, B 8% 7 9 T4 L B
1258 AL B/ N SRUEKFJ7 1) SRR A5 M 25, T
WG SETR HE AR 8 LERY AR /IS JEHJE SR LE | [l 4%
PSR IX A2 58 T LU FIAR B LU A B2 MR G o

3 & i

a. BIE A H BEI K A AR kv, BRI M /R
LI, Bys BRI R, B 58 TR L A3 R el
T8 LRI | S 1 BRI K T % R JRE 553

b. ST KR A e , S 1F R I K AR T
T KBTI S | R, B K SRR S 70, 25 T R
BTN, FRLTARTELE , SR HERHATE 70 A B A
PSVER MR R 24 SE IR LI R, 2 1) I 3 7 1 34
R LE M AN 5] KR e O3 54

c. FRULE I AFEACHCAR X, it K A W7
J B ST i W TR B I o R R R . SE TR L
AR BT LI/ N T B I AL PR SR R

d. BIESL I B XK RGE R B E KRR /MY
ARAEREH TR LU FIAR YE M X SIS 1 3 B XA —

KA K AR 2023,43(2)  Tel:025 - 83786335

TESCMAAE ] Bl 58 R LU sl 58 LU/ ]y | Sk Al ma £
FHGE 5 ST M liAR 58 HUHE A, Iml A A s, 73
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FE S5 ] 38 xR T e ia R Tk = 4 B B

AR L REL ZRRT AN RE 7

(1. TR EF K FIK 22 R 1195 B BT 210098 ; 2. Tl KIS 24 B%  TT.00 BI5T 210098 ;
3. ROl R KR AR B, TT98 Biat 210037)

WE AMRELTEAKAPFTEHAOMELR AFELTEKAKREFTZRE, MET RIS -
TR NFES L KRR MBAEAE R 5T T BB IT R R B A& e s e B AL B AT T A i 0T
MRS R, SREAN AT ENGAE IR RSE TR DAL ERL KR
R T R MBER AR IR SR EEETER RO EGAREER ZEH 0T
FiyRASREFZA A ER; S ERERG LA ETHER 0P Ofod S FA, REEG
LHREFTHEERARKRRP AL, FTHEGFTEDORSGERERR, BHACE L) ;L9055
MRAEFEYmtEEEMAX R ST HTE P SR EWEF AT EHREGY IR
HWIEEN ARG TEN,

KR E S T HEARR; RRT LY B RS KRN

FESES.TVI33 ERAR SRS A XEHS 1006 - 7647(2023)02 - 0016 - 11

Three-dimensional numerical simulations of transport characteristics of point source pollutant in a sinuous open
channel//LU Shengjie', ZHU Hai', XU Jieru', WANG Lingling', HUA Zulin>, WU Xianyang’ ( 1. College of Water
Conservancy and Hydropower Engineering, Hohai University , Nanjing 210098, China; 2. College of Environment, Hohai
University , Nanjing 210098, China; 3. College of Landscape Architecture, Nanjing Forestry University, Nanjing 210037,
China)

Abstract: To investigate the process of pollutant transport in sinuous open channel flow, a 3D hydrodynamic-pollutant
coupled large-eddy simulation model was established according to the scalar tracer experiment. The influence of different
release positions in transverse and vertical directions of point source on the concentration distribution in the downstream was
analyzed. The results show that the streamwise velocity, vorticity and turbulent kinetic energy have clear relations and the
secondary currents exert dominant impact on transport and mixing. Besides, the variance in transverse and vertical position
of point source has significant influence on mixing efficiency and spatial distribution of pollutant. Specifically, the point
source placed near the center of cross section in transverse direction or near the bottom of channel in vertical direction will
result in a higher mixing efficiency and a wider influence range. There exists a positive correlation relationship between
mixing rate and distribution range in the near field. The variance of point source position in a sinuous open channel mainly
influences the pollutant’ s mixing within a single period.

Key words: sinuous open channel flow; point source pollutant; transport characteristics; mixing mechanism; large-eddy

simulation
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B E RS FIVERT AR A R T S 2R =
e s . T KA RN A,
[Fi) b AT i ) 28 gl e, b B4 ) o o D fE

MG R R A R TN % S T K TS
Qe iz i R R A ST 5K 5 R B
RERET AR YA SRS e —
LAY ) £ RS 7 SRR AE 3l W U R HETS
HAHDK b9k 5 gl ) iz B,
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o E I RS M KRR T LR F R AN R R B T L RA
B 3E 5 R P A B R A 3 vl B T AT R i, S AT 69 = 2 AR AL AR B A9 BT
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Construction method for ship lift deformation monitoring model based on quantile regression//YANG Chenhao'?*,
ZHENG Dongjian'* (1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098,
China; 2. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing
210098, China)

Abstract: To deeply analyze the influence factors of ship lift deformation, a method for building ship lift deformation
monitoring model based on quantile regression is proposed. Based on the structural characteristics of the ship lift, the
influence factors such as air temperature and mean value of upstream water level in early stages are introduced into the
candidate influence factor set. Adaptive elastic net penalized quantile regression is used for choosing the influence factors of
ship lift deformation and building the quantile regression model. The optimal model can be obtained based on the principle
of good fitting and validity check. Example verification shows that compared with traditional stepwise regression model, the
proposed optimized model has low volatility for prediction accuracy with strong stability, indication a good ability for long
term prediction.

Key words: ship lift deformation; deformation prediction; quantile regression; adaptive elastic net; model optimization
method
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Analytical solution of transient ultimate bearing capacity for foundation under delayed-peak pattern rainfall
infiltration//QIN Weixing'”*, DENG Chuanxiong'?, HU Huiren®, XIONG Xuanyu'?, LIU Zechen'? ( 1. School of
Hydraulic and Environmental Engineering, Changsha University of Science & Technology, Changsha 410114, China; 2. Key
Laboratory of Water-Sediment Sciences and Water Disaster Prevention of Hunan Province, Changsha 410114, China;
3. School of Traffic & Transportation Engineering, Changsha University of Science & Technology, Changsha 410114,
China)

Abstract: To reveal the influence of delayed-peak rainfall infiltration on ultimate bearing capacity of an unsaturated
foundation rapidly, the following research work was carried out. The Gardner’ s permeability coefficient function and the
soil-water characteristic curve model were introduced to simplify the Richards unsaturated seepage control equation, and the
Laplace transform was adopted to derive the transient analytical solution of matrix suction for foundation under delayed-peak
rainfall infiltration with rain intensity, which was verified with the finite element numerical simulation results. Based on the
theory of shear strength for unsaturated soil and the transient analytical solution of matrix suction, the expression of transient
ultimate bearing capacity for foundation was obtained under delayed-peak rainfall infiltration. The mapping relationship
between the ultimate bearing capacity and the initial rain intensity, the rain intensity variation coefficient, and the rainfall
duration was established. With the analytic solution of the ultimate bearing capacity, the evolution characteristics of the
bearing capacity for foundation were studied during the delayed-peak rainfall, and the effects of the initial rain intensity and
the rain intensity coefficient on the ultimate bearing capacity for foundation were analyzed. The results show that during
delayed-peak rainfall infiltration, the ultimate bearing capacity decreases gradually with a nonlinear velocity from low to
high, which is different from the near linear reduction when encountering uniform rainfall. When the rain intensity
coefficient is constant, ultimate bearing capacity for foundation decreases faster with the greater initial rain intensity. When
the initial rain intensity is constant, the ultimate bearing capacity for foundation decreases faster with greater rain intensity
variation coefficient.

Key words: unsaturated soil foundation; ultimate bearing capacity; matrix suction; delayed-peak rainfall; analytical

solution
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Experimental study on shear performance of waterborne epoxy mortar and concrete interface//ZHANG Lei

HUANG Feiya'? , ZHANG Yinghao'”, CAO Jianguo', WU Anxing', SAIMI Aimuduli*, LIU Dong’( 1. Yellow River Institute
of Hydraulic Research, YRCC, Zhengzhou 450003, China; 2. Henan Engineering Research Center of Hydropower Engineering

1,2
’

Abrasion Test and Protection, Zhengzhou 450003, China; 3. College of Water Conservancy & Hydropower Engineering, Hohai
University, Nanjing 210098, China; 4. Xinjiang Luntai Changruixin Water Affairs Co. , Lid. , Luntai 841600, China;
5. Henan Zhihe Engineering Technology Co. , Lid. , Zhengzhou 450003, China)

Abstract: Aiming at the problem that there is no standard test method for the shear strength of cement-based repair material
and concrete interface, a double L direct shear test device was designed, which can effectively avoid the influence of
bending stress and make pure shear failure at the interface. Based on this test device, the effects of concrete surface
roughness, water content and interfacial agent type on the shear strength of mortar-concrete interface were studied. The
results show that moderate roughness treatment is conducive to the improvement of shear strength, and the shear strength
decreases when the roughness is too large. The higher the surface moisture content of concrete, the lower the interfacial shear
strength will be, and the surface moisture content has a significant influence on the shear strength. The use of interfacial agent
can strengthen the structure of interface transition zone, and the selection of appropriate interfacial agent according to the dry
and wet conditions of concrete surface is helpful to improve the shear performance of the bonding interface.

Key words: double L direct shear; concrete; waterborne epoxy mortar; roughness; moisture content; interface agent
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HE. AR ET K E-BERAMAAKZ RO EAER S KINEH G Hom ALY REF LMA
BEgC AT S, A R B e BB T kAT T ARE K E-B AR A dkey A B AU, @it Ry BTk
ik B LM E i A R E 5 AEEH R y.0,. K, K, BAR 0 B E T ke P B A
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REW Ry @, I RIMEAS BN R IR 3 AFH, X 3 AR M X ZAER AT RME
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Global sensitivity analysis of parameters in Duncan-Chang E-B model based on improved response surface//FENG
Yaxin', JIANG Zhaogiang®, SUN Yiqing' , WANG Runying' , SHEN Zhenzhong' , XU Liqun', GAN Lei', LI Haoxuan',
LIU Yuan', GUI Jingpeng’ (1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing
210098, China; 2. Ceniral Yunnan Provincial Water Diversion Project Co. , Lid. , Kunming 650051, China; 3. Huai’ an
District Yunxi Water Management Institute, Huai’ an 223299, China)

Abstract: In order to study the influence of Duncan-Chang E-B model parameters and their interactions on dam
deformation, the global sensitivity of parameters in Duncan-Chang E-B model was studied using the improved response
surface method for a homogeneous loess dam. Firstly, five parameters including R;, v, ¢,, K, and K, which have
significant influence on the deformation of earth dam were screened out by fractional factorial design. Then the central
composite design in the response surface method was used to conduct further global response surface analysis on the
screening results and investigate the influence of parameters and their interaction on the deformation of earth dams. The
results show that R;, y and ¢, are the three most sensitive parameters to dam displacement, and the interaction between
them is also significantly sensitive to dam deformation, which is greater than the sensitivity of a single factor. Therefore, the
interaction between the parameters should be considered in similar engineering calculations.

Key words: Duncan-Chang E-B model; homogeneous loess damj fractional factorial design; central composite design;

global sensitivity analysis
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x4 BHEFEITFE

FE v/ (KN-m3) ¢,/(°) K n Ry K, m Ap/(°) V/mm H,/mm H,/mm

1 14. 4 2.4 352 0.48 0. 64 224 0.32 4.4 1029. 00 397.42 528.99

2 21.6 2.4 352 0.48 0. 64 336 0.48 6.6 1016. 97 594.91 792. 00

3 14.4 33.6 352 0.48 0.96 224 0.48 6.6 1680. 52 444.33 572.21

4 21.6 33.6 352 0.48 0.96 336 0.32 4.4 2129. 86 641.75 897. 24

5 14. 4 22.4 528 0.48 0.96 336 0.48 4.4 1315. 34 526.29 766. 54

6 21.6 22.4 528 0.48 0.96 224 0.32 6.6 6290.91  1408.69 5888. 46

7 14.4 33.6 528 0.48 0.64 336 0.32 6.6 575.37 156. 02 215.31

8 21.6 33.6 528 0.48 0.64 224 0.48 4.4 858. 53 203.22 294. 98

9 14. 4 22.4 352 0.72 0.96 336 0.32 6.6 1776. 98 703.83 1038. 53

10 21.6 22.4 352 0.72 0.96 224 0.48 4.4 6733.56  1202.05 7917. 50

1 14.4 33.6 352 0.72 0.64 336 0.48 4.4 518. 36 182.45 239. 69

12 21.6 33.6 352 0.72 0. 64 224 0.32 6.6 1011. 03 217.01 334.02

13 14. 4 22.4 528 0.72 0. 64 224 0.48 6.6 805. 60 254.70 351. 64

14 21.6 22.4 528 0.72 0. 64 336 0.32 4.4 809. 68 277.94 396. 99

15 14.4 33.6 528 0.72 0.96 224 0.32 4.4 1221.22 235.62 329. 48

16 21.6 33.6 528 0.72 0.96 336 0.48 6.6 1440. 33 341.83 425.20
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5 ASEZINH PS5, T =B Pk sz 12 21.6 33.6 352 0.96 224 2639.50 834.79 2086.92
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3 AR B ACOE (1) BUR B F 25000 1. 2 4% 416 14 21.6 22.4 528 0.96 224 4472.15 1429.97 2074.24
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SN 6 P, P AR T R R g R 17 10.8 28.0 440 0.80 280 659.98 231.95 315.79
_ 18 25.2 28.0 440 0.80 280 1095.10 529.00 675.52
g 7 P 19 18.0 16.8 440 0.80 280 1736.49 1069.99 1560.01
F6 hLEFIFHIEEZRKERE 20 18.0 39.2 440 0.80 280 711.43 204.18 282.78
KT N ) 3 o/ (%) X " 21 18.0 28.0 264 0.80 280 1025.22 547.17 731.83
22 18.0 28.0 616 0.80 280 822.03 264.82 371.76
-1 14.4 0.64 22.4 224 352 23 18.0 28.0 440 0.48 280 678.82 167.54 230.63
0 18.0 0.80 28.0 280 440 24 18.0 28.0 440 1.12 280 1536.62 681.30 1194.71
1 21.6 0.96 33.6 336 528 25 18.0 28.0 440 0.80 168 1269.43 398.50 548.95
e s . . 26 18.0 28.0 440 0.80 392 707.10 312.40 427.41
R A5 I 7 R AT R AR TR Ry 0, 27 18.0 28.0 440 0.80 280 883.93 344.64 481.48
K, KiX 5 ™S8V S8 6 38 BN ) 28 18.0 28.0 440 0.80 280 883.93 344.64 481.48
" 29 18.0 28.0 440 0.80 280 883.93 344.64 481.48
ZERAN e R T ARG AT )7 2250 HT, LA | 30 18.0 28.0 440 0.80 280 883.93 344.64 481.48
) U S | 1a] N R RS 1 5 25 o B A5 S an 3k 8 i 31 18.0 28.0 440 0.80 280 883.93 344.64 481.48
32 18.0 28.0 440 0.80 280 883.93 344.64 481.48
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K IE By 1 i R KUBR VD — b M 4 e 11

AgARLEEER,E L RS REE

(1N R2F KRR L 2R B8 V195 B RL 210098 ; 2. Hl b Kafk Rk e TR =B, Hle 2240 730070,
3. HR KR TR R @ A RA R, Hl 290 730014)

WE. AT LS 5% KRAGZFHEZ IR, TR T RBAKRH LK B RAR I = 405 45X 5,
MTERRERBEERRNBETOR - ERBEFE BTT RRBIERRARTEER A F A
SRR TACHLAE | VAR R B R ARIY B B3R X B T Do sl SR LR 45 R R B R RAR I # B Ay —
FERXZAMEG AR ERNA & BT ES B EEMAL, BERESTEN LB EWE
15% Bt iR BMEAE R RE S L BT 24,10 0 LB T TR ERRIVERARK, A EEA
W KRy £ 523 RN K KRR QR E TR E e T Rk aa R TR L
) 69 2 R R K 5 A 0 A TR s AL R AR Y AR AT iE ) B NEE Bl £ T LA I B e KL
Z A 0 2 IR Aeid S AR YRR | B B BRlE B F 5 R RO = R 4 RE ) £ 0 FEBR S8 e
ABERAN T B R RAR DY B M AR T e

KEEIR  RAR Ry £ B R 2 BRI s W A BT & 5 = 4h B 4 X I

RESES . TV4L XkERERD A X EHS 1006 -7647(2023)02 -0051 -07

Study on triaxial compression characteristics of improved aeolian sand mixed with cement silt//LIU Wanle' , TIAN
Zhenghong' , LU Yang', XU Jian®, GONG Zhuanding’, WU Yanjun’ ( 1. College of Water Conservancy and Hydropower
Engineering, Hohai University, Nanjing 210098, China; 2. College of Conservancy and Hydropower Engineering, Gansu
Agricultural University, Lanzhou 730070, China; 3. Gansu Water Conservancy Engineering Geology Construction Co. , Lid. ,
Lanzhou 730014, China)

Abstract: Based on the economic design index of single 5% cement, the triaxial test of improved aeolian sand static in
mixed cement silt was carried out. The stress-strain and strength characteristics of improved aeolian sand sample under
different confining pressures were analyzed, based on which the change law of the viscosity and internal friction angle of
different doping ratios, the failure form of improved aeolian sand, and the shear failure mechanism were revealed. The main
results show the stress-strain relationship curves of improved aeolian sand are all strain softening curves. The elastic modulus
and failure intensity are positively correlated with confining pressure, and elastic modulus reaches to its peak value when
the amount of silt mixing is increased to 15% . The value of failure intensity is positively correlated with the amount of silt.
The cohesion of modified aeolian sand is the largest under 10% silt mixture, and the internal friction angle increases
monotonously with silt mixing amount. The reason is that cement hydrate is wrapped in the surface of sand particles,
increasing the surface roughness and forming a network structure in the gap between sand particles. The sand particles are
linked together and the relative movement of sand grains is hindered. Incorporating an appropriate amount of silt can fill the
gaps between sand particles and hydrates, but excessive silt will restrict the hydration reaction, and at the same time,
alkaline ions and hydrates react to produce sodium silicate and sodium aluminate with poor cementing capacity, resulting in
a decrease in the overall performance of improved aeolian sand.

Key words: aeolian sand; cement silt; improved soil; cohesion; internal friction angle; destruction morphology; triaxial
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SP U LU XA A 7 5 K AL B HETBCIR D )4 A B 52
EORLE OB IRELE F.H A

(1. =R R M PR e L BLE 4430025 2. BLATKADK REBY B BT B BRA R WL B 443000)

FEE SR L X AR R R IR K B 4 RAT A & AT A 45) 38 1 I3 3R 2 A7 Am K R ) 35K 95 L)
RRANAFFTRAEZBRHZRAAATTAEHA, ZREAN.FKBLERNAFFTRKEZETE
P E) N TR SE Z P BEHE N RS ) 5 KA B i Ae S H K AL £ 3 AP or X ALFL )G HEA M
R R SEERTHEZWT ;23 A5 R 0 XALIL G 09 KK T 39 KA B RAT A 7 75 KRB K
T B SR ST ARULAR R KRR B K BT — R ef s RAT IR SY /) 75 K R A B  BAT A & B 2
RRPAR T ERE A RGEATH A A5 B A, Bk H A oAk B A8 R 6 75 K AL B AR ARAE S M R AT
W BB T REE AT BT RRA AT TR XARRETRE L R R KA ZEL25RE
T S

FABIF R A F T BN KR AR R IR K A 3R K

RE S ES X524 MEkARERD . A M EHS 1006 - 7647 (2023)02 - 0058 - 05

Investigation on rural domestic sewage treatment and discharge conditions in montane of western Hubei//WANG
Yu', ZHENG Wei', LU Xiaochun', LI Ning', YANG Chao’ (1. College of Hydraulic and Environmental Engineering,
China Three Gorges University, Yichang 443002, China; 2. Yichang Water Conservancy and Hydropower Design Institute
Co. , Lid. , Yichang 443000, China)

Abstract; Taking the rural Fushanchang village around a drinking headwater reservoir in western Hubei montane as a
research example, an investigation was carried out on the current situation of rural domestic sewage discharge and treatment
in western Hubei montane through on-site investigation and water quality testing. The results show that rural wastewater in
western Hubei montane is mainly treated by three methods, including centralized micro-powered station, small micro-
powered facility for three-household combined discharge, and three-format fermenting tanks. After treatment, the sewage is
discharged into surface ditches, weirs and ponds or infilirated into the ground. The test results of the effluent water quality
of the three wastewater treatment methods cannot meet the requirements of rural domestic wastewater discharge water
quality, and it has a certain impact on the water quality of the adjacent water source reservoir. The micro-powered sewage
treatment facilities have high operating costs, complex operation and maintenance procedures, negligent management and
short effective operation time, making it difficult to achieve the appropriate sewage treatment effect. Therefore, the study of
new rural domestic wastewater treatment methods based on the characteristics of rural terrain and domestic wastewater
discharge in western Hubei montane is imperative to ensure the safety and quality of the rural water environment.

Key words: rural domestic sewage; drinking water reservoir; site investigation; water quality analysis; western Hubei
montane
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Combined detection method of dam leakage channels based on high-density electrical method and comprehensive
tracer method//SHEN Tianyao, DONG Haizhou ( College of Civil and Transportation Engineering, Hohai University,
Nanjing 210098 , China)

Abstract: In order to accurately detect the location and range of dam leakage channels and reduce the influence of the
limitation and uncertainty of single method on the detection result, a method of combining high-density electrical method
and comprehensive tracer method to detect the hidden dangers of dam leakage is proposed. The verification of a pumped
storage power station example shows that, the results of the high-density electrical method can be verified by the
comprehensive tracer method through several tracing tests. The dam leakage channel detection technology combined with
high-density electrical method and comprehensive tracer method accurately reveals the location and range of the hidden
danger of dam leakage, overcomes the non-unique defect of single method detection result. The combination of high-density
electrical method and comprehensive tracer method for dam leakage channel detection has high efficiency and accuracy.

Key words: high-density electrical method ; comprehensive tracer method ; leakage channel ; pumped storage power station
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FEZE . A A 4B 3L 2 K B K X H T A BBt dmiB B) % A K B UL, B A E A G T B Ak E
BT BN, b TAGBRERARMEBLLFTH RS, BB B L ERELAZ AL FTHEM
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Electric conductivity tracer model of a multi-aquifer seepage system//CHAI Dong', FANG Guangtao', QIU
Chunxiong' , DONG Haizhou® , ZHANG Limin' , ZHANG Boyu' (1. CCCC Tunnel Engineering Co. , Lid. , Beijing 100102,
China; 2. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University,
Nanjing 210098 , China)

Abstract: In hydrogeological survey, the situation of multiple aquifers is often encountered in borehole testing, and it is
necessary to use packer system to isolate and detect each aquifer. Due to the inconvenience for field operation and high
drilling conditions required, a multi-aquifer seepage tracing model without packer system was proposed. Considering
different conditions of aquifer inflow and out flow without using plugging system, an electric conductivity tracer model for a
multi-aquifer seepage system was established to determine the permeability parameters by measuring the conductivity of each
aquifer during pumping. When only the outflow aquifer exists, the flow rate can be calculated directly by using the
proportion relation between the area of conductivity curve and solute mass. When both outflow layer and inflow layer appear
in borehole, the position of inflow layer can be found accurately according to the slope of electrical conductivity curve, and
then the flow rate of aquifers can be calculated by the change of slope. In a field test, the hydrogeological parameters such
as permeability coefficient, hydrostatic head, seepage velocity and water conductivity coefficient of each aquifer were
calculated by using three methods. The results show that the detection results obtained by the conductivity tracing model is
in good agreement with the isotope tracer test and water injection test, and the proposed model is simpler to operate, which
can greatly improve the detection efficiency of aquifer hydrogeological parameters.

Key words: electric conductivity tracer model; seepage; multi-aquifer; vertical flow; conductivity tracing
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12 W % (LSTM ) F ik a9 TR AR | vA b3 2 BR By v S8 An A\ BB K RURAR A ), SRR 8 7
Pkt LR E 0 T AR e B A B AT IR Y i S5 0l v BB K IR R AR IR B AR A R Rk 69 LSTM iR B
AR IR AR S 2N £ R4 HAT I, D 5 ) 69 AL AL A TN BUE IR A AR 4R 64 db Ao TR
Hh g s AT, SRAW, ZARBTAMNEETEZE LR SR ETEENES R HH
AR EE2CAR  FIE ZEAEL | AN E RG-S TR E SR, AR T3 5B KA RT
Bk M, d 32 & F 7] it 108 B 3 Fm 69 2 &
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Temperature field prediction during concrete construction period of pump and sluice project based on LSTM//
CEHNG Jing, KONG Chuisui, ZOU Kehui( College of Water Conservancy and Hydropower Engineering, Hohai University,
Nanjing 210098 , China)

Abstract: To quickly and accurately predict the temperature history during the concrete construction period, a prediction
model based on the long short-term memory ( LSTM ) network algorithm was proposed combined with the principal
component analysis (PCA). Taking the baseboard of the Siyaogang Sluice and Bayaogang Sluice in Shanghai Chongming
Island as an example, the PCA method was used to reduce the number of the possible influencing factors of the concrete
temperature field, and then the LSTM prediction model of temperature history based on the temperature data of the
Siyaogang Sluice baseboard was established to train the input principal components. Then the trained model was used for
the fitting and prediction of the temperature history of the Bayaogang Sluice and was compared with the measured results.
The results show that the predicted value fits well with the measured one with the RSM error within 2°C and the coefficient
of determination close to 1, meeting the requirements of engineering accuracy. The proposed method can partially be an
alternative for FEM back-analysis, which can increase the efficiency for concrete temperature field prediction of pump and
sluice projects.

Key words: pump and sluice structure; temperature control and crack prevention; temperature prediction; deep learning;

principal component analysis; long short-term memory
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JETF PPR-TOPSIS 4 ikl ik Hac A b i B0k
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200 2 7 15 15 I35 - 0
H

wmEFE MK, EZFE H R, AR

(1. Framgeolh KoK S R TRE4Be , s 58 K5F  830052;
2. KR TR % A 5K K E B IR H S SR e 28 K55 8300525
3. FrEmar A A TRAE A A R TTEAF], Frim il 834601)

WE A HFRELERAETFERLEAIRLSZIVNAZH A FTHERRAL RMLF EiL
FEX ey PV VAR ISR 350 gt 1ol 3 TAR A ALkt A 0] B A IR M IS AR R A R B AR A
B 47,488 THH T3 )2 (PPR) EAE R 5 K T ALE TOPSIS 42 &3R4 ik 48 45 609 B btk it
% % (PPR-TOPSIS o473k ) . 4R &0 M FREE LR N I547 PPR B R M E & ok %
i£93.1% ,F¥HARTR £ 4 2.01% , 7T 2R E B & K-F 28669 Bt b s o & 69 3F 1 28 ARt 474 7 T1
;A B PPR-TOPSIS 447 %45 2 69 s AL B4 bb 7 X 30 45 R R HLTE AR A2 AR A A S o ik it 77 ik
BRI TAAZNEAZFEZ W ENT ARERZKFAESG T EFREEZTIFN,F2 ey feb s
ESSOECE
KR M ARt b LA T E 4Kk PPR AL K TOPSIS #F %
FESES.TV431".5 M ERFR SRS A XEHS 1006 - 7647 (2023)02 - 0082 - 07

2

Scheme optimization of mix proportion for asphalt concrete based on PPR-TOPSIS analysis//YANG Zhihao'**
HE Jianxin'?, LI Zhihua®, YANG Wu'?, LU Jiannan'? ( 1. College of Hydraulic and Civil Engineering, Xinjiang
Agricultural University, Urumqi 830052, China; 2. Xinjiang Key Laboratory of Hydraulic Engineering Security and Water
Disasters Prevention, Urumgi 830052, China; 3. Xinjiang Lyuxiang Construction Engineering Group Co. , Ltd. , Emin
834601, China)

Abstract: Aiming at the uncertainty in the results of the scheming optimization process influenced by subjective factors and
the problem of optimal scheme selection during asphalt concrete mix designing, taking the mix design of the Qiaolabula
asphalt concrete core wall project as an example, the projection pursuit regression ( PPR) modelling technique combined
with the TOPSIS comprehensive evaluation method based on entropy weights ( PPR-TOPSIS analysis method) was proposed
for the comprehensive benefits of the mix evaluation indexes. The results show that the established PPR model for asphalt
concrete evaluation indexes is highly accurate in calculation, with a pass rate of 93. 1% and an average relative error of
2.01% , which can accurately predict the evaluation indexes of the mix ratio schemes with different combinations of factor
levels. The test results of the best mix ratio scheme analyzed by the PPR-TOPSIS comprehensive evaluation method can
satisfy the specification criteria. Compared with the traditional design method, the influence of human subjective factors can
be reduced and the solution search and quantitative evaluation of the combination of all test factors can be realized by the
proposed method, and the obtained ratio solution is more reasonable.

Key words: asphalt concrete; optimization of mix proportion; PPR technique; TOPSIS evaluation method
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F1 ABRFRSABER
FE OHKE O FE WiE LR REE/ W By
g B HiEv/e Hit/e % kN mm 3R E/MPa
1 0.36 11 6.3 1.3 9.74 4.86 0.656
20 0.42 13 6.3 1.42  9.56 4.98 0.624
3 0.39 15 6.3 1.32 9.38 554 0.670
4 0.42 11 6.6 1.33  10.41 5.93 0.59%
5 0.39 13 6.6 1.41  9.18 6.09 0.560
6 0.36 15 6.6 1.31  7.77 6.74 0.602
7 0.39 11 6.9 1.23  9.69 6.35 0.542
8 0.36 13 6.9 1.19  8.28 6.16 0.534
9 0.42 15 6.9 1.14  7.58 6.71 0.562
10 0.36 11 7.2 1.08 873 6.44 0.506
11 0.42 13 7.2 1.18  7.53  6.82 0.494
12 0.39 15 7.2 1.14  7.43  7.26 0.478
13 0.36 12 6.5 1.25 9.76 5.26 0.582
14 0.42 14 6.5 1.27 8.95 555 0.595
15 0.39 12 6.7 1.26  9.45 5.86 0.546
16 0.36 14 6.7 1.22  8.44 6.15 0.576
17 0.39 12 7.0 1.19 875 6.34 0.490
18 0.42 14 7.0 1.15  8.21 6.48 0.498
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Study on integrated non-destructive inspection technology for impervious concrete panel cracks//Z0OU
Chenyang' | ZHANG Shuangxi', CHEN Fang®”® ( 1. School of Geodesy and Geomatics, Wuhan University, Wuhan
430079, China; 2. Jiangxi Academy of Water Science and Engineering, Nanchang 330029, China; 3. Jiangxi Provincial
Research Center on Hydraulic Structures, Nanchang 330029, China)

Abstract: Surface cracks in the impervious concrete panel of a concrete faced rockfill dam were examined by employing
several non-destructive testing methods, including ground penetrating radar, impact echo and ultrasonic plane inspection.
The characteristics of electromagnetic response of different types of cracks were analyzed, the effects and influencing factors
of impact echo and ultrasonic plane measurement upon different cracks were assessed with error analysis. By comparing with
direct drilling results, the effectiveness and accuracy of integrated non-destructive method, which was established by
incorporating holistic rapid inspecting and local accurate measurement, were discussed in crack detection. The results
indicate that ground penetrating radar, with its intuitive and high efficiency, can achieve an overall investigation of
impervious panel cracks, and quickly indentify their distribution and physical properties. The impact echo and ultrasonic
plane mearsuring method, with their accuracy and flexibility, can further determine the crack depth. Through reasonably
combining testing methods and scientifically laying out survey lines, the proposed methods can identify the distribution,
basic properties, scope and size of cracks, whilst improving the comprehensiveness, accuracy and precision of detection.
Key words: impervious concrete panel; crack; non-destructive testing; ground penetrating radar; impact echo; ultrasonic
plane measurement
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WE.AREZENFHIFEPHNEREEADSAERE KRN EHG NEH IR, AR SE
AIRMAFTE, MET — A TRESEZZ IG5 sz &40 X (WOA) 89 & 1142 53K W %
(BiGRU) TAM AR | AL A A) ] WOA 2+ BiGRU #4748 A4k F-H A 242 38 3 75 S V8 A2 0 18] 2
REAZ & FFFINFRAAFIEEE A (FATT) Ao bt 18] 72 & /1 (TATT) 89 %42 & Apuhl it & Fa R
F oAk E AR TR GEABRIILA FZH S TGRS, AL ZHEMAH Kz gR
TR E %A F A AL A T 2 R AT AT AT, 45 R A B A TR M R B 4RI, Tk RO A
o RIME AR, BiE T LA JE KON T TR P a9 41 AR M 55 A 224

KEBIE . KM EH TN REFT RAEE NI dx A H &

FESZES.TV6S. 1 kR E A X EHS 1006 - 7647 (2023 )02 - 0096 -06

Dam deformation prediction model based on mixed attention mechanism and deep learning//XIANG Zhenyang'*,
BAO Tengfei'>*, BAI Yanli*, SONG Baogang'?, WANG Ruijie'* (1. State Key Laboratory of Hydrology-Water Resources
and Hydraulic Engineering, Hohai University, Nanjing 210098, China; 2. College of Water Conservancy and Hydropower
Engineering, Hohai University, Nanjing 210098, China; 3. College of Hydraulic & Environmental Engineering, China
Three Gorges University, Yichang 443002, China; 4. Gansu Water Resources and Hydropower Survey and Design Research
Institute Co. , Lid. , Lanzhou 730000, China)

Abstract: In order to deeply mine the dynamic correlation between the front and back information in the time series data,
explore the internal influence mechanism of dam deformation, and effectively improve the prediction accuracy of the model,
a bidirectional gated recurrent unit ( BiIGRU) prediction model based on mixed attention mechanism and whale optimization
algorithm (WOA) was constructed. WOA was used to optimize the hyperparameters of BiGRU to effectively mine the deep
information of deformation data in the time dimension. A mixed attention mechanism that combines factor attention
mechanism (FATT) and temporal attention mechanism ( TATT) was introduced to calculate the contribution rate of each
impact factor, so as to visualize the model and improve the ability to capture the dynamic changes of environmental factors.
Taking a high arch dam as an example, the prediction results of this model were compared with those of various commonly
used models. The results show that the prediction accuracy of this model is significantly improved, and the calculation of
contribution rate is in line with the research results of dam deformation, which verifies the superiority and rationality of the
model in dam deformation prediction.

Key words: dam deformation prediction; deep learning; mixed attention mechanism; whale optimization algorithm
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X AR AR A S R TRAF M69 MO-LSSVR *F 40 X W %l S kAT AL, A2 5246 3o R PR | A%
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Deformation prediction model of a high arch dam based on clustering and MO-LSSVR//LIU Weiqi'?, CHEN
Bo'?, GE Panmeng'?, ZHANG Xiaoling’ (1. College of Water Conservancy and Hydropower Engineering, Hohai University

X ERS 1006 - 7647(2023)02 -0102 - 07

Nanjing 210098, China; 2. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai
University, Nanjing 210098, China; 3. Shandong Huacheng Engineering Consulting and Supervision Co. , Lid. , Gaomi
261500, China)

Abstract: To solve the problem that the internal correlation between multiple measuring points cannot be considered by
traditional single measuring point monitoring models, which is difficult to reflect the regional characteristics of high arch
dam deformation in space. A high arch dam deformation prediction model based on clustering partition and a multi-output
least square support vector regression machine ( MO-LSSVR) algorithm is proposed. Based on the composite similarity
index between the measuring points, the clustering partition of spatial correlation measuring points is realized by
hierarchical agglomerative clustering (HAC) algorithm. The MO-LSSVR algorithm integrating the correlation characteristics
of measuring points is then used to model the points in the partition. The engineering example results show that the
clustering partition results are consistent with the spatial distribution characteristics of dam deformation. The MO-LSSVR
model based on the reasonable partition results has high accuracy and robustness, which provides a new method to
accurately predict the dam deformation and monitoring the overall safety state of the dam from the multi-measuring points
correlation dimension.

Key words: deformation prediction; high arch dam; spatial clustering; MO-LSSVR
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Abnormal data identification and reconstruction model of dam deformation monitoring//LI Yi'?? 6 ZHAO
Erfeng' >, HE Jing* (1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University,
Nanjing 210098 , China; 2. College of Water Conservancy and Hydropower Engineering, Hohat University, Nanjing 210098,
China; 3. National Engineering Research Center of Water Resources Efficient Utilization and Engineering Safety, Hohai
University , Nanjing 210098, China; 4. Nanjing Water Conservancy Construction Engineering Testing Center Co. , Lid. ,
Nanjing 210036, China)

Abstract; Aiming at the problem of gross errors and abnormal measurements in the deformation monitoring data of concrete
dams, a data anomaly identification and reconstruction model is proposed. The association rules are used to quantify the
correlation between deformation sequences and water level sequences, and the monitoring data are input into the DBSCAN
clustering algorithm to find the abnormal points. The association results are used to classify the data abnormal points into two
categories, coarse error points and points reflecting the dam morphology. The points reflecting the dam morphology are
retained and the coarse error points are eliminated, and modified wavelet neural network is used to reconstruct the coarse
difference data to ensure the integrity of the monitoring sequence. The application results of an arch dam deformation
monitoring data show that the model can accurately identify the abnormal values in the monitoring data and can obtain more
accurate reconstructed data, providing a new analysis method for the evaluation of measured properties of a dam.

Key words: abnormal data; data reconstruction; association rules; DBSCAN algorithm; wavelet neural network
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