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Analytical Calculation of Wave-Induced Seepage Forces on
the Porous Compound Vertical Circular Cylinder

CHEN Ruizhi ,HUANG Hua ,ZHAN Jiemin ,ZHU Menghua ,GUO Zongxiao
(College of Engineering, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: Based on Biot seepage consolidation theory and wave diffraction theory, the analytical solu-
tions to the diffracted water wave potentials and the wave-induced seepage pressures referring to porous
compound vertical circular cylinder resting on permeable elastic seabed are derived by applying the eigen-
function expansion approach, and then the wave-induced lift force and overturn moment caused by the
seepage pressure on the bottom of compound vertical circular cylinder are accordingly evaluated and are
compared with direct diffracted wave force and moment. The results demonstrate that the porosity of the
lateral surface of the circular column resting on a circular base will lead an obvious reduction in direct
horizontal wave loads on compound cylinder and certain reduction in seepage overturn moment on the bot-
tom of compound cylinder, and having slight influence on direct vertical wave loads and wave-induced
seepage uplift force on compound cylinder . The variation of ocean condition and structure geometry con-
dition may have some influence on wave-induced seepage loads, especially on seepage moment. In cer-
tain condition, wave-induced seepage loads may have same order of magnitude as the direct wave loads.
Key words: porous compound circular cylinder; wave diffraction; wave force; seabed; wave-induced

seepage uplift force and moment
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on permeable elastic seabed
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K10 g3 i T E A AT 2 S 4K 3k
FLIR S LB R L I MG | T BN AR

LB PG DG RN R AR A XT LR . S5 KW
IR L 5 R 10 T BN 05 ) R AR X A
Ko FE—ERIEFOLMZHLFZRAE T, =F1ERH
(F) ATRLRAAMIR RS, R AR 5K TR E
WK, B TSR 7 R (EAH R 7K PR (B
WK, HARER RN KPR SR AT
BTUNE A v R B (537 S e DRG0 R4 a5 o L 3
5 | S A X 25 R TR0 14038 T P2 46 ) MBS T R TR
BT EE AU, BT LB E .

e
—— N

0.8 —o— KR T
i RS
V:E 0.6
&
<3 04 |

02

0 0 1 2 3 4
ka
041
3 15

il o KRR
0 BRI
g
g 02
N

0.1

0 0 1 2 3 4
ka

K10 JCRAKFIIR T T8 EBER ) IR I AR
HIEEAXT (6 = 1,6 = 0.5a,h = d = a,h, =0.5d)
Fig. 10 Comparison of dimensionless horizontal wave loads,

vertical wave loads and wave-induced seepage loads

3.2 EMEZEMH

FFXTE 2 Fros i — i 2 B A B A RRR TS TE T
(8B 40325 25 ] N7 AR SR , A SOMEIR S #EA T 1
SEFRERTSR AR, IEXTHIR ELHEAE RIS AR
(T R

B 11 RBIBE IS = REONEEIE R, #BriEs
B AT BT 52 KR 1 BT v, 5 — R E A
BIAEAR L, e ss zon a8, Elh 6 =0k
L EAL R, WE B S R — K,
A EE Ay <L

B2 WY, X HoKSFBOR T3 A AR TE
BB 085 25 [ AL R B I T 48 ) Al ) 4 A2 i 2
F B R W B R RN — 2 B S R RO R



8 R E e (HARBHERR)

5 54 &

FlpgAna®

07 o

MipgAna®

P11 JCik 4K R ) F AR
(h=d=a,h =0.5d)

Dimensionless horizontal force and moment

Fig. 11

ka B)—E WUETL N, XSRS, 808 ) A8
S5 ARKC IO A T S — 28 X — B A R A R P R
PR DEHEA — 2L

FlpgAna®

—o—G=1

MipgAna®

B 12 Toi IR TG 1 R ) A iR
(h=d=a,h =0.5d)

Fig. 12 Dimensionless seepage force and moment

P13 S e 1 o 2 IR e 2 S T v JBE 5 7K
TREC A A AT I8 R T 32 7K SR 0 70 T 6 52
FErp HEE O O X R i s B A . 45 R W BER [ A
B SR I3 e BE S KR LA I, AL A2 2 A 7K
BRI IS HEAEFIBEZ08/) 3% Ui BBz = ThT 2514
5 A BN KA I8 el 5 PR L A A 00
A, TR I s A DX BT ) 98 R o R A T E AR
IREHAE MR . AT, = 0.25 5
R E LRy O TIFPETE T AA R 40, U BT [3 A
oK FHIE 25 8 0 i 25 T X ) ] RG22 [ AR TP
ALK, 1R 0 2 T A A R T4
[ 57 [ AL AR P

] h /d=0
— —0— — h /d=0.25
0.8 h /d=0.5
T o6l —>— h /d=0.75
i
T 04r
02}
0
0 1 2 3 4
ka
05 —— h /d=0
—o0— h /d=0.25
041 —— 1 /d=0.5
. —%— h /d=0.75
5 /
E 02 [
0.1F
1 1 1 J
% 1 2 3 4

K13 Jo R AN IR T T ) AMBTRE ) s (L
(G =1,h =d =a)

Fig. 13 Dimensionless seepage force and moment
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