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Theoretical and numarical analyses of deformation property of
prestressed berthing pile under dynamic load
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Abstract: Considering berthing pile working characteristic, a theoretical analysis equation including interior and
exterior damp effects is proposed in this paper. Influence of concrete strength together with initial prestress and
load-location on the deformation property and anti-crack property is studied by use of numerical calculation method.
Research results show that the deformation property of the berthing pile with high concrete strength can be more
easily influenced by initial prestress, and that concrete strength has little influence on the ultimate deformation
property when high prestress is combined with low load-location on the berthing pile, and that the crack load of the
prestressed berthing pile is closely associated with load location. With a high load location, the berthing pile will

quickly lose load capability and then become damaged after cracking. Initial prestress has little influence on the
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ultimate deformation of the berthing pile with low concrete strength, such as C50, but exerts a greater influence on

the berthing pile with higher concrete strength ,such as C60 and C70.

Key words: dynamic load; berthing pile; Rayleigh damping; multi-degree-of-freedom ( MDOF') ; deformation
property
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Fig.1 Theoretical analysis model

SNELIE ) SR E L B f, = e(x) &

fRA(2) A E[aa (gy)+m%+c?%=p<x,t> (3)

5N JEXT R AIREIE R T o), SRR R AR R A O, EREE S )
de
Op =Cs Fm (4)
K ey IR ASBHIE BB ;& S MEIA PN 5 v FIIAT: 725 s Ak B 07 A8 . ABIBE 20, 0 e 8 g L S R MR AR Ak, )
B RH e N 18 R e 25 4

_ _ 9y

M, —!a'Dsz slx) = (5)

S 2z Dy b AR R B A R A S 5 A S Wi A
R, By L%FW&I‘[@ET@%T%%T&@%&?@

9’ iy, 9’ y) ’y oy
El el + +c—-> = t
dx’ ( axar) T "o T p(,t) (6)

X (6) 2, 7EfRT LA 2% #7‘7?%%1&%%&%%%5})’3“@ HH T RBA N 4 W IR, 5
PR A Hh Gk S S iR 1 5 26 Iz F RN P BELE R BT R . N, b U HA — 2 i B R
1 X LA FH] T figp R 552 B T ) AL
1.3 R MR

BIRCAR I T AR M B0 R AR SR ) 58 A K AT B 45 4 v BELJE it 0P R, 17 P 6
J B2 ER ] (Rayleigh ) 41 H B E 2R GERHLJEHE I (97505 | 1207 1665 22 GE B HE I 23 ik Dhg 28 G T o 4 I 1 2%
GEWIBEHERE RSN 5, SRR R G PR 2 BRI BELE . AR5 A4 Hh i 0712, BELE AT 5 ok

C=A,M+ 1K (7)
KRR PERGEIE T K NWIIG VIR s REC A, A, P45 08 B PR IS 7 A i HE B2 R A
FHJE A 2. 2 (o, ,@,) HHAFEXS AR T
(K-o’M)p, =0, r=1,2,-,n (8)
AT N @ Mp, =M8,,,

. , (9)
¢, Ke, =0"M,5,



28 KoOF oKk B T OB O¥ M 2008 4F 12 A
TR (7) .(9) XA & i FIBH e
0l Cp, = (A, + A0 )MS, (10)
(1) KA eks R
¥+ 2%wa +w2x=MLrP,(t) (11)
e L& ARG E RN
C, 1 .
£ = Mo, (Z—Mrwr) ¢, Co, (12)
C,=¢,Co, =2M 0k, (13)
¥ (10) ACA (12) XA 0, |5 15 B R G B E R 2L
LA, -
eyl tna) e (19

TR, k= SR IR R I, Al R A 3 SRS AR 2R G HLJE R BOR 1 7 B A1 BHLJE R AL A,

FIA,.

_ 2 x2mf, x2mf, x £, x (2mf, - 2mf))

m

(21Tf2)2 - (wal)z

A 2 x & x (27f, - 2mf)
t (ZTI'fZ)2 _(277f1>2

2 TR A IR £ S AR AR R Y M B F AR

21 EAXARBRRE
BUE AR Rk TR EE | 52 TR A4k, Ik

(15)

(1) IRPEIF AT, N AN SO S D IR 25 R, e er A P IR A 202 i AR T K B 7 ) 4 2928 4k
(2) IR, S2 X IR BE AR RN ST, B H) 58 4 AN LR 4H 5

(3) TP A 25 P A Ao R o R A T 2 2 PR AR DA - T 3 A~ T A

(4) TR A/ NV AR B, BRI PFAE T AR T i ] o — /i

(5) FHJC K B R 3 FIBHE 5

(6) 73 M7 ik R GRS 3 J1 2 4 TR
2.2 HESHES

FH T BB 53 B i) = HE A LA RS 8 - bk B T 100 emx
100 em, BEEFKEEHR 2 000 em, HE & L AR/ 900 cmx900 cm,
JEEEH 1200 em. RS A 55 AR SR AR AR I A 2 | A S 0
RS 1, BT A Pl 2w A A 05 T (7% S AN R )
9 088 ™, BAJC 10 205 N WK 2).
2.3 MRSERMEER

AR K 3 Fhkr L, ROFN 7 (L) (TR EE L
AR HM R SEOLE 1.

B2 g PFioCRks s o3 15
Fig.2 Meshed berthing pile



%54 3 WA, AF L S AT ERAE T TN IR S A T Re S R EE ST 29
F1 MR 5 H
Tab.1 Material parameters
R PRI o wOE WOPIRIRE O BRI By IGh R AL PUEZIRRE MBS o BER T c
% /(10" MPa) " /(kg +mi?) / MPa / MPa kIrgE HER%E /(ch) /(°) / (kPa)
€50 3.45 0.167 2400 2.00 23.5 0.9 1 / / /
€60 3.60 0.167 2400 2.20 28.0 0.9 1 / / /
C70 3.75 0.167 2400 2.40 33.0 0.9 1 / / /
18.0 0.25 7850 / / / / 1.2x10™* / /
(7®5)
RN 0.003 0.38 2000 / / / / / 20 40
VEREMN AR T 278 1 52 s i A0 47 284 78 SE M b I P
MBI FE . AR IE 5 SR B, A DRI 1) R R AT A L B 2
WU U AR | % E — B [ A (R o
PR A — R AR ) B Sk BT SRR A B 7R 3Z 1 2 Ar B T O L p
BN F AR WA for 2R P B2 AF Tk B — B[] J5 | 32 7 08
INEFE 0. BUE T L0y M A0 1 o ) e gk AR Ak
0 T

( Ramped ) 77 20, iz ss = A 28 fay 25 UL IA] 3.
2.4 BHE & #
IR AT RECRIHE 2 A M E RS 8 1m0

Fig.3

K3 fdomEos

Instantaneous ramped dynamic load

N YA S AR T 1 SR LA R R AT R SRS, AR B A B A, BOHTRRT 2 Mg (15) &
THEAS RN EG AL e B B AR PR R B A, FIKIEERE R R A, 1 A2 B 4015351 h 9. 585 4 F159. 108 Hz, it
AR RE A, =518 WIEEHEE R B0 A, =0.000 232. 1 Byl 2 [ 0000 1289 LI 4.

oasmacTvET
T 13 2008
s

b

G
=000

5

1 By F45
K 4

(a)

3 TR B EFEAMMED T EER SN

1 B 2 B 2000 1 1 A T2
Fig.4 Deformation of 1st and 2nd frequency

(b) 2 Bir £

T T 0% 8 A A R R B 50 A5 2 32 I IR IS, F | L R fr 8 VR I B, 313 T 0L LR 2.

x2 HTE TR

Tab.2 Calculation cases

%%WH&EE o WL T 1/ MPa
METRFE B/ m 800 1000 1200
€50 1 2 3
1 €60 4 5 6
c70 7 8 9




30 KoOF ok B T OB ¥ W 2008 4F 12 A
(&EXR)
o B TR T — VIR T3/ P
WETREE B3/ m RERLEE 800 1000 1200
C50 10 11 12
3 C60 13 14 15
C70 16 17 18
C50 19 20 21
5 C60 22 23 24
C70 25 26 27
WA TN 7 R4 B TN A 73 TR v e B AR b Y
THAAS R H A A S 25 0 A A% il 26 I bk IS 25 40 o A
M ML 5 ~7. B Y& 0L C70 {REE 4 7 o0 A
oA, T A % 450} |
AT LSBT SE G076 1 A B L 2 B!
5). & TFFEEH B (BER /N T 150 kN - m) BEJE S 467 = 19O, A firdb3
R RN AR Y AR L 5 de KA A8 1 1 BAE oy 28 28 0 30 60 %0 120 150 180
% / mm

2, FLA B3N L B 8., A in 28 B S 28 7 5 1 MR
FAWKE BWILHIRE.

P 6 X T far 284 A B BE AR T 5 m &b 0 4R 7l
N 77 1 200 MPa B faf A 5 G 1 1- 00, KT 6 T UL, 74
MR iy 25 R, AN TR TR e 55 2% (€50, C60 AT C70) HiE
BB Y SRR S, BT A A B AR, X
BHAE S0 1 Y, ) RV ey 2 4 7 4 5 B TR R = A5 %
XL RS Y et FEA TCRE . Ji PR A 1 2 S A AT I 2 R /N T
MERPL SR I, A 8% 2 il R T R A TR S M SR AR
AT JUG 256 R A7 1% Bt 2425 R B, 67 B8 24 il 2o i
Tt

K7 A e A TR T 1 m JRE 59N C60
BF, AN [RIRT 4 190187 3 7K P ip 8RN 8 B 224 dt (B) 1) OC &R AT
WL, H A2 A T I 30 R RO A 2ok A8 ) A ] 1 7 7K P X6 iz
MIOERS 2t — RIS H (e 2R IR % 7 8 3% R A
ALK (S 60 kN, Uk BH Y faf A FH A7 B8 s, SERARIE F 8
T B ap 20 T AV B ) B K K ), Wk B e T 2R AR TR
hate e AR B RE 1 i R AE R,

THALE IR LI | 45 T 00 A 24 for 28 5 for 280 0E FE o7
BEYIAH I, TR EE 1= S GRNAT) Ufy TN; 3 7K P Xof T 24 A 28 52 1)
RN S E RO B AMET R 1 m A, 7 28903 7E 30 kN A
B3 m BRI A 240 2R 60 kNS m o7 B A 24
R IIE I E] 120 kN. WA, 25 7108 T 00 0 8 2k 24 4%
PN EALEVETE T 1 m JEE P AF6 SEBRE O

Bl5  BERS AR Hhk

Fig.5 Relationship between bending moment and
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