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Abstract: At present, the researches on the attenuation zone of periodic row piles only stay in the stage of dispersion curve

analysis. Only a few scholars have studied complex dispersion curves of 2D model. The dispersion curve can only obtain the
range of the attenuation zone, while the complex dispersion curve can obtain its attenuation degree. In this study, the COMSOL
PDE module is used to solve the complex dispersion curve of 3D model. By analyzing the influence of arrangement forms and
materials of piles, it is found that the piles in triangular arrangement have the widest attenuation zone and the best vibration
reduction effect. When the material of piles is concrete or steel, the attenuation zone in high frequency can be obtained, and the

attenuation zone in low frequency can be obtained when two-component piles are used. The vibration reduction degrees of the

two-component piles and concrete piles are smaller than those of the steel piles. Finally, a finite-scale frequency domain

—_

response model for periodic row piles is established to verify the correctness of the complex dispersion curve. As the

characteristic frequency of the foundation vibration caused by the high-speed railway is within 0~50 Hz, four types of piles

combine the attenuation zones of four types of row piles, and the vibration reduction effect is good.
=]

with different attenuation zones and one kind of composite piles are put forward. The results show that the composite piles can

Key words: periodic row pile; complex dispersion curve; three-dimensional model; high-speed railway vibration isolation
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Fig. 3 Dispersion curves of cross-like cavity periodic structure

MIEL3 T AT TH RS 2 A B AR s C
HOR R Bt ) R SCHR[20] 7 1R 45 S R AR 4 Hh )
&, UL T HH PDE BEHRK ARSI i 2k w1
3 PR MBS S, 0 RIS M-T-X-M T7
161)_E A AN FEAE PR AR R 8 B R 56 4 ZE Ik (complete
attenuation zone, fAjFK CAZ), ZREHIZANAR 13 TC
TRAE R I EE R A s i RAE RS T ) _EANAF AR )
A R D 7 1 3£ 3 (directional attenuation zone,
7K DAZ), FHIZIAR NP ICIEER R E T
) EARRR . SRTAESERR, A2 A3V B Y FR) SRk A
J AR DERE, ARG MRRIIEER, SHH
it 2 BE AL X A ZE IR -

FA R Al AT 26 1F) PDE R E0T 5 AL ) 5

RS, ik 4 FroR.

Kl 4 Ca) B AT 2 500, R AA R B B St
BEEIERIREZAMBOCR, B4 (b) NEEHZ
REHB, BEALFRONI R, B SN O RRAE T
BRI, RO 4 R — B 0 S 1) 5 /) KB
FONTRNEBE R RE R o T S AL 2k N RERAE—
AT RN, A SO LA r-X 5 A R 5
Wigs s 2. W 4 RRTRAE H, A
2R SR S A 28 1) T-X 5 TRl AR XS B, (HIRZS H T A
B 2R e R I RE Y, WIREHT a, b, (HESHELINZ
AN AT DA s B S ek R, s mT DA S B AR AR
SRS . Bltn 3.4~435Hz 1, M 3.4 Hz JF
Uh, M IIEM 0 FFHUEHE K, FAE 3.85 Hz A
BONAE, SRR R . B AR IR, SRt 421
AN/, BELZEAE 4.35 Hz I IR #2012 0.

3/ (ca-(2) 1)
(b)

4 +FREEEAGEH RS AL T2
Fig. 4 Complex dispersion curves of cross cavity periodic

structure

2 [EEAHEHT S SIE LR A AE
2.1 HERWAER

ASCERE S 385 i RIVE 2R s A4 kL, H
WAL . B EsE, @ =4EE AR, AT
BIFFEAS [RIHEAT T SORIAS [FIHE S AR X6 362 983 o0 A e 25
BRI NIR N, WE T 9 MHEEA, SRAIE
LR B T Z R 1 PR



512 3 SR, SE ST SO R A A R R B SRR T 2173

=1 HERE

Table 1 Calculation schemes

FEE S %Ik A
@ e 6 o o ® ® [ ]
HEA A EXTAEE (18D, KOk (2 5. ; e e p e & &
N S (35, BERG (45 LY TR oWe o @ e
®© © 00000 0 0 o0® ... U
B R (58), # (65, /@\ 4 \> 2o
PR I+ (75D \ //\\ y g

T WRITRSD IR E T 9 MEMAGHNE, 5 1, 2, 3, 4 SHEXTHE T AR HE TR SO0 SRR R 55 5, 6, 7 S

BEXT EEIE T BE S AR R s i 5 o

FEHAT R b 2 25 18 T IETT A . KOTTEHE
A ZMIGHATRNE 5 T AT 4 MR e 2000 8 01
BEIRCHR R B S, e rb K T TR S ot i 5 4
N a=1.8 m, ar=2.2 m, FHEHATME SIS HEECN
a=2 m. NPRFFIHAFAME, 205 TEHAT KR
188 R=0.46 m, HEHHIHIHE 120y 0.65 m, 4 Fh
HAT 30K 10 m FARNE, WEAEUE M E TR
HIIEER 1. REEL . RSP R T AN 5 A
B, BN T REFEAS FEIRERER) SR S 08O
AL o= S 7 < o b O i A L v SR
BRI Z P TORE 3 SR I HERE, HEpEC
JEI )y 6 m, VREELHERERBE 4208 0.65 m, P4
TCHEAE AR 21242 7=0.6 m, 4N EIEIRIE R E N 0.05
m, WENEUETETTZPRE 2.

S5 N 7 <9 £ v A NTET P o U Sl T o 7 N
PEBCRT LA B B TC SO AR T 25, BRI I —E
RIS, SRR BB R 3R R . S8R UL =
(PML) Wil 54614 i Berenger®! 115 5 5] N4 PR
BRZE R, B AT AR TS 00 B A RN
SHB . AR R INE HERE G HS,  PTRASE S5
E T S SR R R SRRSO, o B TR AR S B
R 2 fiis.

xR 2 MREH
Table 2 Material properties

Mk} FPERE/MPa AL BE/(kgrm”)
+ 20 0.30 1800
el 207000 0.30 7784
TRkt 30000 0.25 2500
B 0.12 0.47 1300
56 E LKL 2 20 0.30 1800

22 PR RBIES T
I A HEBE S 50 ST o 2 0
5 BiaR. PARFORSAR, BARIR ST

RHEEAE, B0 LA e/ BE AR AL 17 T30
ZER I TEIRIERE, RE 25 d /N B P 2L 2 R A5

I ISR 2. SN T B FRoR SR T
T IRB IR AT RT KN, %o ST AT it 2 K A AT
IH—1bAb

W B 5 A AN [FIHEAT HEAE (1) B R 3 a3k o A7 3 Bl
AR P 08 Rl A 2 R WAL %6 YR 6 P S ek R /N AE T 6
o WTRVEH, fE 4 B, BT AT ARG
FRHEATE XTI PR DR A S8 el | 4k, R IR 5 TR HEA
RGNy 24~29 Hz, KI5 TEHA 12880
FEIoh 24.2~27.5 Hz, LA IE 757 TEHRAT I 36 Jakdek i ] B
I, RIS 24~29 Hz o Fl N RS HS BE = A2 — € 1
FIRAE, WK TEHEAR 68 7= A 2R R B A 2
JERIRAE o H MR 3 D 26 1) S Dk R FE mT LR
KT TEAHEAT 1) WA 2 D326 1) 3 R 2 2 L I 7 T A
R, WHZTHLT, KITTEHATE X 25.4~27.1 Hz
RSN LRGSR . B S 0T DUE H i s TR HEA
HERE 1 T TR B K, GBI T 42.8 Hz, BEHA7NIA
TEHEA (1 HEAE X BE ST R4 Bl 3 DRSO B, (H3L
FRIGEEAEE A, X RAEE RN, TE 4
Tl A T 2R = A T HEAR VB S DR e, 183
T 32 Hz, [FIR3EEIRTERIHE R, 7E 26~37.6 Hz H
TR RCRAL ST o TR b R HEA 1A
THEAEL,  HEPE 2 RSN A A R A O, T =S
TEHATHENE & T22 XHEF, SR I #U
FTSHEF R, $RBNEAE AR BB AL, S0 —B
ﬁﬁ%%%@ﬁ#iﬁﬁ%%,ﬁmm%ﬁﬁﬁ%o

l.‘.". o s T

, - iy e *

B AL
[~ \\I | l |
0 0.2 0.4 0.6 0.8 1.0

B/ (ka-(2m) 1)
(a) IEFEHA



2174 " + I B % #® 2021 4E

50 ! TP I B B .
R, sk
iy n S . .

a0 RREs [T s

A

0 0.2 0.4 0.6 0.8 1.0
HEW/ (ka-(27) ")
(b) KFTEHA

= 30 "-.l.<
E yanmn "
‘M‘ "L .-numn.'.' ......
ol - } /
10} '-‘
e M { ) ‘
- \\ I L 1 I
° 02 04 06 08 16
B/ (ka-2n))
() ZfHA

0 0.2 0.'4 0.I6 ois 110
M (ka-(2m) )
(d) EEBHA

5 NEHPHHENBETTEER
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