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Performance-based seismic analysis of high-piled frame freight wharf in

inland rivers of high intensity areas
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Abstract: To address to the lack of a performance-based seismic evaluation system for high-piled frame
wharves, a systematic performance-based seismic analysis is conducted on the wharf in the Gele central operation
area of Dongchuan Port. On the basis of the OpenSees platform, a three-dimensional refined finite element model
considering the soil-pile-structure interaction is built. Nonlinear dynamic time-history analysis is performed by
inputting frequent, fortified, and rare earthquake motions to obtain the dynamic response of the structure at
different earthquake levels. On the basis of domestic and international seismic design codes, a multi-level seismic
performance evaluation system and quantitative control standards applicable to this type of structure are proposed,
with the upper frame inter-story displacement angle and pile top displacement as key performance indicators, and
the seismic performance of the structure is comprehensively evaluated. The results show that under frequent,
fortified, and rare earthquake actions, the maximum inter-story displacement angles of the upper frame are 1/1 429,

1/417, and 1/167, respectively, and the maximum displacements of the pile top are 0. 006, 0. 026, and 0. 060 m,
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respectively, all of which do not exceed the corresponding performance level limits. The overall performance of

the structure is good, meeting the fortification goals of “no damage during small earthquakes, repairable during

medium earthquakes, and no collapse during large earthquakes”.

Keywords: high-piled frame wharf; seismic design; soil-pile-structure interaction; nonlinear dynamic time-history

analysis; seismic evaluation system; performance-based seismic analysis
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Fig.2 Section of high water level platform (unit:m)
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Tab.3 Physical and mechanical parameters of soil
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of typical pile body section

3 HUEMREEL
3.1 BURPERE K HEFN05 55 9 K] oy

biE BRI S R o B 5 ) MERE
CIECNE S S i G s U1 8% g s Wop A Y i
SEIPURIAL S EE R R, FESEHESR
T, ZEEM) Seismic Design of Piers and Wharves &
SEHR 2 DIk LA TR A L I AR Ay 4 1 4 AR 4 P
Refbiit ik, JEE T 3 A2 MR AR K
. iBEKIERLEE (operating level earthquake ,OLE) |
{Hy 188 7K ¥ 11 52 ( contingency level earthquake , CLE )
FIBE T 7K fE #1752 ( design earthquake, DE) , HiHr,
OLE X 50 a #MHEA N 50% K HBRE S, CLE X}
IV 50 a KRR 10%, 1 DE NI 50 a AT
2% MR BRI 273, X5 AR R AR T X%
AN T XK 25 5 1l 752 = 07 10 T g e oy 25K, Lt sy
T IR RE BRI G R . OLE BRI fie/)h
Pt BORGFALL TR TAERS, BiET
WERRDIE, H&MBMKE 2 EEE T ; CLE

XFI AT B A i, S O (A 2 4R
TR P HEASBPE R B, {H 7 DR AR S i A BR A
SRR Z DifE; DE RET“ AL epiy”,
SR VR E SR A T A5 2540 A R AR AR E 1 B )
HREBEST, B 1k &R R BB AR B, PR R B
GRFA, EREENE, Z = KRR RYS
F& [ GB 50011—2010¢ HEFHUZ BT RIE) = v
PR AR . KPR TR R 3 BB
TR B FAT v BE R0 WP S B[R] M. OLE REL
XN Z i, CLE ik Pifize, 1 DE N4y
TP S FB MR, KT AR EZH
X TEVEREAL R T T B8 A B R A, Ak,
PRIz Bp 23 ( Permanent International Association of
Navigation Congresses, PIANC) & #i ¥ Seismic
Design Guidelines for Port Structures™ & H T XU
ROKHERESE ) RIJKHE 1(50 a MEERAER 50% ) FlsK
HE2(50 a HUBAEA 10%) , I 45 oK 25 0 451 405 40
G R A AR FEARSELE . AT, )iz
DL SE B

Za U EENAMURIRE, TR S IE
i T R AR A Sk 1Y) 4 P RE K HEAR R (o m]
PROPEREM FRIRZS) . IEH A (LST) | AIMB A AE
F(LS2) . e 4z (LS3) Mpy b f##5 (Ls4) , 5
ZR R GRS W AR 53Ry 5 AN I AE . SRR
SEUF(DS1) | B f (DS2) . A4 (DS3) |
JEEAS A (DS4) FISE IR (DS5) , 7L T fE
MPTRBCITHESR T, 15k 2540 Y U= 1R Bk H Fril
Ik b R iR R K T 5 A I T BE K U Y DR S OC &R T LA
W, EH, TEZEHRIERT, 53k 454 0 i
ARCTEF AT A PERE SR, PRAFEEA AR,
TR, TR R IRERrSis T, MBI
DRI TS S IR PN Yo e Y S IV E | 5
PERAS, VR B s, R RE H bR X R
MBS B A A A, B AR S RO Y
&, (HA7ER N R NIK 2 E . MT7EF B R,
WSk M Tl RE 28 i e i, AEATI 2 4 i B A
EMES R RERE Sy, HAERE HARILIA 2 AR Ay 2
ol TR EE e MDY T N AR oo [ I i 20 V3



% 4 I, F. R TR H AL R AT AR R XS E R kR L AT £ 69 -

Az RMEPE S
3.2 BESHEZRVERB K ME RIS bR M PURPERE AL

SRS bR SR 5 @ A A M 7R I LS
FEAE2E5, (0 E T E N AN R G E & T s
FEZR AT Sk e R fb T br i, Ik, AXXS%
GB 50011—2010¢ ZAHTRE B TR ) Hr A 45
Hildeds, IS GV REEP PR BUR, X L
PRHEZR G AR 2 ]2 B8 £ FRAEL 0, 5 5 28 1 2 1]
R ABRAE 6, 1R MR RE I S 4, JF 408 e i
T A5 MR BIRPR 245 XoF 1oz 1) J2 D0 B8 ff M. I8
i (LS1) B 6,, nlMEE i (LS2) Bk 26,
A e 4 (LS3) Bl 40,, Bhi1EfEI3E (LS4) HUA
0,. M4 GB 50011—2010¢ G HHE B HAL) ,
0, WL 1/550, 6, WL 1/50, FHBLIHRAT AR FRARZS XS
MR RJZ N RS M BRE, Wk 4, LTI T
PERE HAR A AR, S bR SR A B RR M e T
fl B AL T B 0 AT HIE

*4 BREEUBARE

Tab.4 Limit values of inter story displacement angles
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Tab. 6 Strain limit values for concrete and steel bars
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