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Fig. 1 Equivalent pile fixity model
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Fig. 2 Panel deformation under bidirectional seismic action Fig. 3 Panel deformation under lateral seismic action
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Fig. 4 Schematic diagram of a high-pile wharf



118 KoOFH oK B L B #H 2024 £ 12 H

BETRUREAS AT S iR ah by AR — 2k, B bR as g M BEAH L TSR 2 RAG 22, R T LR A5 Sk F R as
R — AW 380, A BEKF- M= A P, B AR E mT R A 2 A 55 (O ) R 1] ), DU Sk 45 4y T 4
N SORAESREE E R R AR, W0 S B e O TS 2y AT 2R 2, R B RUIL RO MRS BEA T R S AR DAL
[ Fof SR FH S R0 [ s 5 A B - AR AR, EACTE RS LA — & Vil Bl PN VA R, RIDASARE P S R0 [
M B 6 Hos MRS, Luo M/ MUREMIBERY A i

= = 1 | 1S "’K’ZL*’JB I
- LEREE Y 0]
- H I g ) g P g P z wl — Iy
o t . n T . *E VL“(’
T OO0 T F 3 i 1
pwd A%N/I S %M . S ) prate .
2 T,
4 S T e e k&
2l i EEY IR 2 IR, O X L
p = = L
Y":wu N S S
v — g — g — :{g — 1 ”’——
El5 kAl g2 Bl 6 FELLfbii
Fig. 5 Simplified mechanical model of the wharf Fig. 6 Continuous piles foundation

WAL 6 FrR, BRI SiAbn , AR s S o S s T U, 257 anl&l 5 Fh 7R i T2 AR AR 2R, ARAR
JEAE 00, 0) FERD Sk Bl S 750, WA — 4 A(x, ) A5 AR 16 W RE 12 PRI A (), BV 1] B JEE S R
PAVRES S A o) B T8 B MRSk () o ARAEIE] 6, K () T 4% T 3081 AT R EO T

% _ ﬁ] EI
O Sangt Lot LY ©

HT TR SR AN Ay S A T ELATE B2 32 52 AR T I AL S o A 8 DA N2, ] 75 £ 7“5 18 11

O EEHL AN BRI Sk DR — 2, PR FaR B A AL B A5 3R, B

fOB K (y)dy = ky, (7)
e=B2- [T W[k, (8)
KX (O FRAK(7) JF AT 74
B = Ky 2(Luo + Ly)*(Btan ¢ + Luo + Ls)* o)
EI  Btang, +2B(Ly + L)
(O FRA () HT 14
Ly +Ls = (B*tang, — 2Betan g, ) (4e) (10)

H A S T A 1A B P 2 Lo | Ls Rl LY AT R
2 BEWNIEARRIOGTEAE T
21 FEEH

B KV HBRR A 7= LR B T Foe ML Fry RIS INAEAS Sk B, K A2 AR iS5 A 2 B AN 7 o, 298
AR A, C. D IAIEIIHIAE A CHD o [R5 CAs ERRETA NI R, B LIS (5 5E) 2SI e WA (462



6 M

R, A5 KPR T AR Sk AR A T R R AT

119

B AR S B AR A v R O (xoryor ) FI A
SCULIEL 7, J5 ) LIRS B4 ) A3, A7 ¢ i Ak bR
o 3R R N Ao +ysin6+xcos§ Yor +ycosé—

w\{&

T P _
j# k() r[ . i
{ﬁﬁﬂl ?“'*\ Mu

xsind), C'(xg + % 3 Bsing+L4 3 €086, yo + 75 cosé— 5 §ind)o :<> - %V—' gmp—:» T S
G A A BB, ELBUBER A if‘*‘* ; Te#E e f
TR ) A 4 O FE— K, DU 55 A7 &b i R ) 3 5 - [C“:th et IW‘
Y52 1 fa F f AT 53 0 R R va O “’”‘5?-%_%“ i
Jfs1=k™ () [(xor +ysind + xcosd — x)cos6— o . >
(yor +ycosé — xsind — y)sins] dydx = Rl X
k* (y)[(1 = cosd) x+ysind + xo cosd— K7 12z ok e

yor sind] dydx

(11) Fig.7 Schematic diagram for force analysis of mechanical
model

St =k* () [(xor +ysind + xcosd — x)sind + (Yo +ycosd — xsind — y)cos §| dydx =

K () [(1 =cosd)y— xsind + xg sind + yo cos | dydx (12)
% JERD KBS AR R AEGE JIVE T b TP AR, H P A 25 ]
Zszo, ZFy:O, ZMO:O (13)
KD Q2 FRAK(13) A5
L ( (B
le—COS5f {j k*(y)[(l—cos&)x+ysin6+xo'cosé—yorsiné]dy}dx—
smdj {f K" [(1 =cosd)y—xsind + xqg sind + yor cosé]dy}dx 0 (14)
L (B
F1y+sin6f {f k" (y) (1—cosé)x+ysin6+xofcosé—yorsiné]dy}dx—
coséj {f K*(y)[(1 =cosd)y— xsind + xg sind + yor cosé]dy}dx 0 (15)
IOLI {jOByk* ) [(1 —cosd) x+ysind + xg cosd — yg sind| dy}dx+F1y(§ siné + %lcosé)—
IOLI{IOBxk*(y)[(l—cos&)y—xsin6+xof sin6+yofcosé]dy}dx—F1x(§cosé—%sin&)zo (16)
¥ (14) . (15) #E— AL T 15
Xo = IQZ —(;—e)siné—%(cosé— 1) (17)
Fiy B L
Yo = k*Ll+(1—cos6)(E—e)+5sm6 (18)

BB K PR EE RO, He B —

(16)#t—Ak iy nl 1%

AR /N, BT R cosd ~ 1 sins ~ 6. FRHE(17) . (18)FRAR

X0’ =le/(k:vL1)—(B/2—e)6 (19)
Yo = Fiy[ (ke Li) + Lio/2 (20)
| [ K ay] o+ 5kLio - (5 ] KuLio+ Fived = Fixe @1)



120 KoOF K BB L B W 2024 £ 12 H

(6 RAZ(21) AT

_ Fixe
SoLy+ — k*L3—(B—e)2k*L + Fye
pHl 127%™ ) wil 1y (22)
_BiEL[ 1 (Bang+Lo+ L) 2B (Lyo + Lg)? e
P tan2g; | tan g Lo + Lg Btangg+ Ly + L tan2¢py
B (9) . (10)FR AR (22) HE—Ak T AT 15
5 _|BB-20P(B+20 (B+2e (B—2e)* (B +4Be) i )
P 64¢3 B-2e 16¢2 v

22 HEARANEXRHTER
kAR O ALE S5 2 v AR & 20K, WAL Sty « Shy ATIEALZRIR A
Shx =Xo'» Shy =yo' (24)
SEBRHLFE B 2 A 7K F3 e 14 06 b T o 3k (R b 2 3 sk 3 i ) o 7 149 248 X6 e KAEL, Peak Ground
Acceleration, 10K apga ) AN—3, —BAE 5 1] 7K V- by 5= 2 [] ISP SR ], K VR FHAERR S At 1] (9 7K 43 2 1Y)
WA (b TE0T 0 348 B85 SRR IR R B BETHE. apga, TEHITEDN IR 53 FE IR AEHE L BIEUCR raapca(0<ra<1), MIVEH
FRES SN E A N0 D R B o | E N
Fix = Caml Liraapca» Fiy = Camy Liapga (25)
Ao Ca A RYERS S 4 JRI I H S 3 A 14 SO0y R B8, o SRRk B R R ) WA (o i 2 S o 5 0
(RLHITET 0 B 1 HUABL . AR, 2K o e ANV E FHAE R 1] BsF, 25 R S A5 4 S i, OB o 7= A R ) 7 %R
Sy = Camy Liapaa | (kyLi) = Camyapca [k, (26)
F(24) . (26)RAZ(5) AT N )38 K R BN

2 * 2
kye (B/2 - rakeeLy 2
U= |- ——— rakwe( zf) . 1 —— T /2 . @7)
Sp + kL2 [ 12— (B/2 = )’ky, + Camyapiae 8p + kL2 12— (B/2 = )*ky, + Camyapcae
B (23) A (27) HE— 2B AL faT n] 15
4 * 2 4 * 2
" 32re” (B-2e)k,, s 32rae” Liky,
F= Ta— * * * *
! Saky + 1663 L2k, [ 3+ 64C,my apcaet Saky + 1663 L2k [ 3+ 64C,my,apcaet (28)
B+2
64 = (B—2)%(B+2¢) | Bln| 24| ~ 4¢
B—-2e
K (28) IER S TR 4%, iik— i1k, f xS S ki T 15
B+2e 1+2e/B 2e 1(2¢)\}
1 =1 ~2| =+ o= 2
n(B—2e) n(1—2e/B) [B+3(B” 29)

GEFHRZ TG ) L 2 A KT A2 20 40 i I B 0 (2 FLh 1:0.85, HEHLAE, T 7,=0.85.
P AR 05 ST S T = 2m o 04 e A 0150 B (20) R A 5 (28) J AL T 75
2 2
W = 0.85— 5.12(e/B)(1 —2e/3l2 - — s 5.1 (e/B)(Ll/B;C - —
alPGA alPGA
[1-4(e/ BY| +(L|/B)2+W e —
FLIEARE3 (30) 5 0A3E T4 Ze, W12 07 4k v (3CaapaneT2) (m 2 B) 5 sk A 43k o i o5 ) L T 7R
N, AT A S R4, 3(30) 25

(30)
[1-4(e/ BY] +(Ly/ B +



% 6 1] R, A5 KPR T AR Sk AR A T R R AT 121

ve= |08~ 5.1(e/B)(12—2e/B)
[1-4(e/ B*| +(Ly/ BY

€2))

2 2
s 5.1(e/B)2(L1/B)
[1—4(e/ B*| +(Ly/ BY

VA2 (30) AL (31) 772 A Hi5k2%, HOK LA (R AR 3 , 46 (3CaarcaeT?) (n *B%) LT g
WSS AL, TP Ly BIR T BRI /IMEL . IR 4, B0k o/ B BRI AE, MRS Sk S8R B R ATRERUN . X T
Sk T AN B T B4 AR Sk, T — JBER/IN; SCRR [17] 46 HX — 28 R AR Sk 95 13 78 8~12 m 22 [, /M
B=8 m, FAN, kAN B KB R T 30 m, WIS Ly BREHCK 3. HUR R M 1SR T I (ks TR
RV Y HLRE 2R, T G T 4520 8 W . M TSk 4R LI — AR/, B T AU RS TR A 0.1~2.0's,
JEAE FEECA 0.1 5. IAE, apea 23 HIHL 0.1g. 0.3g. 0.5g, g ST, MHELLE &L, 2 51F = (30)
FICD TN Jr 38 K Z 8, S5 50w Ryl D, FETTHE 8 B A, A5 5R DL 9. MK 9 AT i,
GV WSV BE apoaT (RERTIINGC, (R RLE o/B CLAHEIE 0.5 FOMEIL T, HLIEDISA/N T 1.025, BB (30)
IR (3 1) TR AR 25 /N T 5%, TETT B2 B2 N

2.5 ¢ 1.025 -
2.25
Kol - 1.020 | e/B=045 o °
szzs[_‘l“o) = a®
! ' e 1.015 ¢ a”
15 ' T = g0
U g 1010} =5
LOF > &Y e/B=025 _ .
; 1.005 | teeeco®
= oo
0.5¢ , san0o® ™ B = (.05
1.000 o o
0 4 6 8 10
0 04 08 12 16 20 p T/(m/s)
T/s N .
B9 ARFEIHEA A ZE RN L
; 135 o S . ' ' .
I8 B Y S Fig. 9 Comparison of results from different -calculation
Fig. 8 Response spectrum in the code formulas

gt R, R REOTE XML RN A, % T (31) 1 (e/ B) (1 - 2¢/ BYH e/ B) (Ly/ B) it /], i
— P B 2t
4(e/B)(Li/B)
212 2
[1-4(e/ B*| +(Ly/B)

b Bl 1.3 9 181 0.85 KI5 FIOT AR B 4 Wa g 03 D) A4 R Tl i3 2. Bk
%A AR 2 SR RIS TS AR —3 [’ 10 450 T we BlERSS K 58 L Ly BRI 03 o/ B 72510
e, LA GG SR BTN GU Rt (32) J& a7 Y, AUH R TR EEZOR, 1 HLAR
ik T AR R — 2

yp=13+ (32)

3.0

261

221

s s

1.8}

14 ¢

1.0 . : ;
10 15 20 25 30 35 40

L/B
(a) PR L>% e/B [R5 (b) T3 KSE L L /B 500

P10 Bk A T Ui Lo 50T N 086 R R B 52 )

Fig. 10 Influence of wharf aspect ratio and eccentricity on internal force increase coefficient



122 KoOF Kk BB T M

3 ZH%E

R 2024 £ 12 H

i

S W i P AT L i DL IRT 11 FR 12 A%k SERE B=28.5 m, HFZR[AIFE 6.3 m. BRIPLEZSL, Fra
BRI 1.5 m, FUERE 1.6 m. FEEUZMENE, BHIR D=1 m, BEJE 24 mm, $NAHE Q420 MTGIE
S5 0L HA S, AN TR LR R AR, B DIAS [R] () SR TR 3 ok o e - (AR s o S8R [
TREE — A 2~12 fE ARG Y, # L 23 IHL 2D 6D F1 10D, R4 Ff [ (R Sk S5 A 5 RITE )0 A Sehith Sk
AYBARKEEEESL, LAY I 28.2, 47.1 F166.0 m, 7 ik sipi Ay BT, 2o 4>,

?e 000 ?6 000 (?6 000 C?() 000 ?oo% } 28.2-66.0 |
o L L w34 - ¥ & —&-—G @
I\174I§I \il 16\%| Iillm ﬂ}—r—fzer———————ef— ’; ®
i i
‘ ' ‘ i i & el
L TNl || [ttt at-de
| | “| I ) ! A i 0 i i
[—— 20 | N4 9% ©
\ HES | ! ! i 1 1
\ \ | | |l e AN N A O | NS y
(N i =3 ah i T
L e P PSS S S | Y S @%Y
l Il o205 1 0 X \@{kﬁj\i AR AT 7] 24
B kA5 (A7 RO, mm; &5 7#2, m) K12 Ak [ (37 m)
Fig. 11 Cross-sectional diagram of wharf structure Fig. 12 Plan view of wharf (unit: m)

(unit: dimensions in mm; elevations in m)
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M HE T AR 30 (2 E) 58 524048 7 (PEER Ground Motion Database) FFEE 20 2H K AR 7K
SRR BNIC T, B apaa BEREFR N E 4010, BONEWFR R s, EEsh(E BOLER 1. PR PR E A F
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Tab. 1 Seismic motion record information

i WP By e WorhE e SRR By e WorhE
1 1989 Loma Prieta 0.1029 0.089 0 11 1986 N. Palm Springs 02213 0.204 1
2 1989 Loma Prieta 0.084 5 0.078 7 12 1986 N. Palm Springs 0.1750 0.129 8
3 1989 Loma Prieta 0.0755 0.0722 13 1986 N. Palm Springs 0.127 5 0.1252
4 1989 Loma Prieta 0.1113 0.107 9 14 1994 Northridge 0.1590 0.1116
5 1989 Loma Prieta 0.124 0 0.106 0 15 1994 Northridge 0.1380 0.1230
6 1992 Landers 0.108 0 0.106 0 16 1994 Northridge 0.1157 0.105 7
7 1983 Coalinga-01 0.182 7 0.143 1 17 1994 Northridge 0.045 6 0.039 6
8 1979 Imperial Valley 0.168 3 0.157 1 18 1987 Whittier Narrows 0.038 0 0.0316
9 1986 N. Palm Springs 0.1192 0.096 8 19 1987 Whittier Narrows 0.1653 0.144 0
10 1986 N. Palm Springs 0.104 7 0.0959 20 1987 Whittier Narrows 0.179 8 0.1227
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Tab. 2 Calculation results of internal force increase coefficients

Lm gy ( (l,g/l)(ﬁﬁgéﬂﬁ) vr(HEATD) FHXTIR22/%

L&=2D L&=6D L~=10D L&=2D L&=6D L&<=10D L&=2D L&=6D L&<=10D
28.2 2.382 1(2.3817) 1.928 5(1.919 0) 1.808 2(1.810 7) 2.748 7 2.146 8 1.8743 15.39 11.32 3.65
47.1 2.136 5(2.138 2) 1.822 9(1.8199) 1.770 1(1.766 4) 2.2339 1.926 7 1.757 2 4.56 5.69 0.73
66.0 1.949 5(1.948 9) 1.7127(1.713 0) 1.674 1(1.674 7) 1.980 8 1.778 2 1.658 7 1.61 3.82 0.92
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Fig. 13 Comparison of calculation results of internal force Fig. 14 Frequency distribution histogram

increase coefficients
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Investigation on the increase coefficient of pile foundation internal forces in

high-pile wharves under horizontal seismic action

GAO Shufei, JING Fanli, FENG Yunfen

( School of Architecture and Civil Engineering, Liaocheng University, Liaocheng 252000, China)

Abstract: To simplify the determination of pile foundation internal forces in high-pile wharves under bidirectional
horizontal seismic action, this study proposes a calculation method whereby the internal forces under lateral seismic
action are multiplied by an increase coefficient to obtain the total internal forces. To derive an analytical expression for
the increase coefficient, the actual discrete pile foundation of the wharf is approximated as a continuous pile foundation.
This approach considers the simultaneous action of bidirectional horizontal seismic inertia forces along the two
principal axes of the wharf and is based on the conditions of static equilibrium. To verify the rationality and accuracy of
the proposed calculation method, a time history analysis was conducted using 20 sets of bidirectional horizontal seismic
records. This analysis considered wharves with different length-to-width ratios and eccentricities to determine the
corresponding internal force increase coefficients, which were then compared with the results from the analytical
expression. The study indicates that the calculation formula for the internal force increase coefficient can be expressed
as a function of the length-to-width ratio and eccentricity of the wharf. This method offers a generally applicable and
precise alternative to the complex seismic response analysis under bidirectional horizontal seismic motions.

Key words: high-pile wharves; horizontal seismic motions; pile foundation internal force; increase coefficient; torsional
effect
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