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Numerical Analysis of Solitary Wave Loading on Round-ended Piers
with Different Length-width Ratios

SHEN Zhonghui, WEI Kai, YANG Shaolin
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Abstract: In order to study the hydrodynamic loads of extreme wave hazards on the piers of coastal rail-
way bridges, a numerical wave tank (NWT) was built by adopting the wave inlet boundary via CFD nu-
merical software. The RANS equation of the NWT was solved including k-w turbulence model. Solitary
wave was generated to simulate the extreme wave. The developed NW'T was validated with the theoret-
ical formulas. Three-dimensional numerical simulations of round-ended piers with different length-width
ratios under solitary wave were carried out in the NWT to study the effect of the length-width ratio on
the wave loading on the round-ended piers. The effects of the length-width ratio on the wave run-up, wa-
ter particle velocity and wave loading on the pier were investigated. The results showed that: 1) the
maximum wave pressure of the round-ended pier always occurs at the static water level regardless of the
length-width ratio of the pier; 2) the length-width ratio of the pier affects the wave run-up and water par-
ticle velocity significantly; and 3) both maximum wave force and base moment of the pier increase with
the length-width ratios, and have a linear relationship when the length-width ratio is small.

Keywords: solitary wave; length-width ratio; round-ended pier; wave force; numerical wave tank

» YR BH:2018-12-09;1&[E H #i:2019-03-22
EE®WHE :FEARP-ERES T H (51708455)%
YEE B A L EME(1995), 55, WL F 9 A o BN 2 07 MM BF9E . Email: zh-shen@my.swjtu.edu.cn
BINAER B BL(1984-), 55 RIS B AT 2 07 T 1 B 9% . Email: kaiwei@home.swjtu.edu.cn

945



5l

i

T B T 5 A 2 2 T A S 0 TR K Y
PEHI™ . 2008 4F 4 HL K (Katrina) M8 KUE 11 1
S IR I T T S [ P P B R R A0 A R
B AL AE ke, TR v BRI K R TR B VR A
Qg T 21 el iy b 22 9 2 T i B A G Y
PRI, B 5 0 i 9042 TR K o B85 ¥ 2 1 1 PRI X
5 VA B B A L ) A R R I 0 K FL AT o EE Y

Mo T A Tl L R XU | R Y TR R
W A IS A AR LR Y PR B
PRSP AT B 52 7 B4 S e T 235 ) A0 5 i 0
TR E BIRE T, B DL 58 9 Sr B VR AT B8R0 7K 3l g
RN H AT R B Y R S, okt AT IS PR AR
SUURR s TR S P T B . RANER RN IRAL I
AR AL A S I TR R T, R T I B R A MR L TR 22
FAER B4 P RE UEAT TS s Bl /N W AE XS 90
SEP AT T L RE AT T RUE AL BRI
T ARSE A TR A DR JB R T A AL AR T B
HE AT B I A4 A R P 5 WMo A5 3 2o 32 56 43 ) X
IS 9 5 AL 000 30 78 Ao A5 50 T80 el LK L 3K T
5k K VR A 4 A5 HEAT T 43 T 5 S Han 55 UAG BT R
ELAFY) (O7 ) L IRSE 3 B3R 5 1Y G & L 32
T3 AR R K s g A B 9IS B IR 0 Y
Jrik IS Goda A AT T AP I H B IRBESY
RZ /R IRTBAE AL J7 A B S 5, X B
T AF 2 v DL 4 T8 i A SOAE 5 A R TR 5
FE 4 183 S JE 77 851 IS I8 A T ) 90 9 A 48 20 A
AR ULARIE o

R 3 3 S TR CFD SUE KA 2 B =
5 m Y PICSE e AU S g TR A, SR HC 0] [ g
ELAR N 2.5 m Y [ s fE B SR K Bl AR ST
FEARSLBAE T H B 380K 58 LU R 15 3 1 8032 T 1Y
Som A5 2 7 19 i B AR SORT 52 09 4 KR T VU
H R A BT I BE LU A AR A RLAE

1 HERE

1.1 RANS#E#H FE

TE AR AU IR 32 Bl I B3 K A Sy 3 S5 AN T TR 4
RGP VR AR o 3 e T VA IR Rk R AL I B 2 T 7R

946

A gl sy 4 75 & (RANS 5 &), 15 2 4K 1432 gl ik
A, I H T FAVOR £ AR 98 47 45 4 1 7€ A2 30,
VOF J5 ik E AT W38 B, 16 32 1 7 #2 oo A i ALy
BOMAAR TR 23 B, 15 20 P IR A P O AR AN

dx;
du, 1 du, 7_& ap
az+_%l%A%h)__ oar, T O (2)

K, i=1,23, 2,3 0MExRx,y, 2 b5 0, WIS
A J7 1) (R B 2 5 AL R A% TR AR T B T AR
B Ve R AR B AR A B, AR AL B 3 s B IE] 5 p
Sk FE 3R 5 0 R AR BE 5 GO 45 T ] AR I B 5 £k
25T Il Bl 0 5 R 0 o

_ llme 4
fi_ VF|: © aIf (AjSij):| )
du; du,
S;=—(v+uvy) {81, + 81‘,} (4)

A, 7, RN A T ] 09 BE TR BY TN J7 5 S, 3R W AR
ki 0 Ron s T ENE v Fon i T B E B i i
AP AT,
1.2 imimEs
T AR ] oo AR T AR B RN
vr="Fk w (5)
At w=ce/k, kM ol FRXIEEH .

ok 1(Aak) _ 18{(U+ ”T)Aﬂ N

at V; dx V. dx o, ' dx,
vr [ du, % du; .
Vp(f}xz- + E)I,-)AI P B kw (6)

a“’”"(a”f'+ a”")A-a””' — ot (D)

b Vilox, dx;|" ' dx;
K (6)H,0,=2.0,=p; [, HH B =0.09,/, K
fr=1 x: <0
; (8)
L
Hep,
1 (0k dw | 0k dw | 0k dw

=Gl Ty e Y

L)W, 0,=2.0,a=13/25,8=R,f;, Hh g, =
9/125,f, M :



1+ 70y,
S = T80y, (10)
Hodp
QijQ]kSki
=T (11)
T (Bowy
K1) H,
1 0y, 7%
Q= 2 ( dr;  Ox, (12)
1  Ju; du;
=2 T (3

1.3 IR IES

IS 39 2 Afh I8 A% 52 e 4 — b A o 5 2, T LA L
30 o I3 A 0% D PR R OR AR . LT R A

n—Hsech2|: /iH(leﬂ (14)
c=g(d T+ H) (15)

AT, o R AR W A 5 H O IS 0 7 5 d D 7K IR

(17)

2 HEKEZERRKIE

Mg AP e , R H CFD 2 #F 4k 4 Flow-3D
ST B LT R YR ECE KR L B KR SR
150m, %60 20 m, K 10 m. H KA 13 7
D R SR I A=A N s 7 I S &5 U ]
PN SR X B A, R A R A, B
TR S A, 8 R 1A KA R 7
KAl R S BB K R 30 m By P R UEATOE S Y

R ST U B 5 @ ok T R H % .
idr=02m ide=02mi idc=02mi idr=0.1m!
idy=0.8mi idy=04m: idyv=02m; idy=0.1 mi
i w i 4 -
= B 1_ Wy b
y ° W Z'NI v m L |l
: b L
(a) T Wi
AL Tl
& D+L |
z
. U
43 713 14 3 q[ 7 38 q[ 30
(b) SLif B m
B 1 =4kl s &

Fig.1 Schematic diagram of three-dimensional numerical flume
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Fig.6 Time history of wave force at the force monitoring area (Zone A and C)
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