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Abstract: The chair-shaped pile-sheet structure is a type of retaining structure used for subgrades with
high-steep slopes, and there is great significance to study its high-intensity seismic response characteris-
tics. Based on the proposed construction of the chair-shaped pile-sheet structure of the subgrade of the Si-
chuan-Tibet Railway on a slope, a three-dimensional finite-difference numerical model is established to
study the static and dynamic response characteristics of the structure, and the optimal method on how to
determine the value of response physical quantity in the most unfavorable state is analyzed. In addition,
the mechanism of force transmission and sharing and the important loading parts are explored, and the
simplified calculation method for seismic response is proposed. The results show that: the distribution

curves of earth pressure, structural internal force, and dynamic displacement response under different
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seismic waveforms and peak accelerations have similar shapes, while the response magnitude is signifi-

cantly affected by the acceleration amplitude and seismic waveform; the earth pressure should be taken as

the most unfavorable state when the dynamic displacement of the pile top reaches its peak value towards

the empty surface, and the controlling internal force of each section of the structure should be taken as the

peak value in the seismic response time history; the thrust transmission and the corner restraint of the

beam make the main and auxiliary piles bear the load together and greatly enhance the deformation resis-

tance of the structure. The junction of the pile body and the beam is an important part of the structure; con-

sidering the similarity of the response distribution curves of the quasi-static method and the dynamic time

history analysis, the value of the dynamic correction coefficient is determined using the goodness of fit

and a simplified calculation method for structural response under seismic conditions is proposed.

Keywords: chair-shaped pile-sheet structure; seismic dynamic response; numerical simulation;

response distribution curve ;dynamic correction coefficient
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Fig.1 Design drawing of the chair-shaped pile-sheet structure
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Fig.2 Calculation model and meshing
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Table 1 Pyhsical and mechanical parameters of the materials used in the model
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Fig.3 Acceleration time history of input ground motion
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Fig.9 Internal force distributions of the beam
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Table 3 Calculation results of internal force correction

coefficients
LM 91 71S
Ho 2 3) Wi
WEE A A BIE s BE #BE I’ns
i AE ME R ME zga

2 2
/1]/71 R fm /1].\' R fs

mre B 1.647 0.997 1.743 0.999 1.743

B EIME 1.154 0.992 1.170 0.999 1.170

0.2g 4@ EM 2.105 0.984 1.768 0.999 2.105
B @IbE 1.503 0.913 1.234 0.923 1.503

T 32 2.253 0.994 1.592 0.999 2.253

e FEHE 2.209 0.992 2426 0.999 2.426

B @ibE 2.036 0.987 2.183 0.999 2.183

0.45g  #@ EHE 3.076 0.994 2.373 0.999 3.076
B FIME 2.818 0.935 2.419 0.937 2.818

T 52 2.340 0.998 2.419 0.992 2.413

Bre EAE 2429 0.995 3.016 0.998 3.016

B mIBE 1.596 0.958 1.789 0.998 1.789

0.6g i@ EM 4.239 0.975 2.045 0.990 4.239
B @ibE 2.803 0.949 2.945 0.828 2.945

Fi 2.050 0.994 3.137 0.920 3.137

419



x4 UBBERBHEER

Table 4 Calculation results of displacement correction co-

efficients
i 7 B 05
s 0.2 0.45 0.6
i 33k & & &
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% I1F &
1%5? 1.441 1.350 2.235 1.997 2.568 1.410
d
V&2
D wam
R, 0.992 0.992 0.996 0.9698 0.997 0.9219
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Table 5 Recommended pseudo-static correction factor
WA (1 o 2R 0.2¢g  045g  0.6g
BB 1.80 2.50 3.10

WIHBIE R, BB 2.20 3.10 4.30
f# 2.30 2.50 3.20
MBIEREA, 1.50 2.30 2.60
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Fig.12 Comparison of the results of pseudo-static and dy-

namic calculation before and after correction

53 S A Rt 2w & B .

4 & g

DAL A )11 R K g 25 30 i ey O A 45 4 T R
TR AL R PR 2E 2 BT SRR R OT R T M
7 2l S N A3 AT, R T Bl e O A L A A
FPARZS Wy B U T3k, 70 T 252 Jy L) 5
B JRAL ST TN Ty KA B o R AR ST
5L AR LT 4518

420

(1) b 7% U5 TV B ok 2 Wi {1 % AR =2 A Al 445 4 A
NN A DR R R AT 8- (1 PV
oy A M Z T A8 He A — 2, 5 0 1 43 BT ) 1z 43 A
ELA FARUE  BeT 5] A& IE Z 805 H 3 7 i 5 4k
R

(2) B G2 3 k3 43 4k 0 4% 88 2= @I Ak, JF R A
SR R B I A HE R R AR R P R i X
TR 5 £ R T, BRI A7 A% | S B AE 22 B
] 32 7, 4 e 445 Fa) 5 ) 7K 48 S AT AR T g

(3) XF = i g &k 44 o8 3 1o 3 i) 4 MFZ%K
I B 2] R B AR U AT U A3 BT . LRI BE BT
T 5 A 7 5 R A8 B A e Ak R
() 5 2L A7 1 B AL, R R [ A T I R E R B
AR

(4) FIF e R ABLA L BE Oy vk, o e T 5 1 78 0
(B B 6 R 1 N T A B A& OF R AR .
L 118 1 S5 2R 5 Bl I e Ry {E A OGP BT, B ) A
PT3535 T A e s A S A PR BT R S 2

SR

(1] s A8, SRR 45 R0 1w i 28T i 2O A o 45 4

T[], Tl # 3%, 2018,48(9) : 111-116,175.
Bai H, Yang Zh X, Liang D, et al. Model test study of
chair shaped sheet-pile retaining wall under horizontal
load [J]. Industrial Construction, 2018, 48 (9) : 111-
116, 175. (in Chinese)

(2] B, £, BT, 55 BOs BESUR A SR 254 &2

T AT BRI BT [T]. 5 £ 1%, 2015, 36 (3 2) -
221-228.
Bai H, Wang W B, Liao Zh Y, et al. Model test study
of stress and deformation of chair-shaped sheet-pile re-
taining structure on soft-rock steep slope[J]. Rock and
Soil Mechanics, 2015, 36 (Sup 2) : 221-228. (in Chi-
nese)

(31 Fahl, o5, W AL, 45 B0 s e SORE A 45 4 =2 00 78
LA TS [T B 30, 2014(7) : 95-98.
Bai H, SuQ, Hu G X, et al. Numerical calculation and
analysis of stress and deformation mechanism of chair-
shaped pile-board structure on soft rock slope[J]. Rail-
way Engineering, 2014(7):95-98. (in Chinese)

(4] Whas AR, 242t , Uil . BESar 2 WE AR 45 4 52 ) 85 =0 J
WHITE L] 808 TR %4, 2016, 33(8) : 71-76.
Yao Y Ch, Liu A H, Su Q. Analysis of force model and

calculation method of chair-shaped sheet-pile structure



[5]

[7]

[10]

constructed on steep slope[J].Journal of Railway Engi-
neering Society,2016,33(8):71-76. (in Chinese)

WA A B S 2R it R SO AR 28 A 72 T B IR R
58 A0 5 AIF 5 0 [0 ). R Bk B B R, 2019, 10(1)
6-10.

Yao Y Ch,Wei Y X,Li A H. Model test study on de-
formation and failure characteristics of chair-shaped pile-
sheet structure [J]. High Speed Railway Technology,
2019,10(1):6-10. (in Chinese)

s Ad . R RE ST R A R O BRI R (D] RS
VO 22 ke, 2015,

Zhang J. Geotechnical centrifuge model test of chair-
type-pile retaining structure [D]. Chengdu: Southwest
Jiaotong University, 2015. (in Chinese)

WRAR A= . S HRDGUHEAE 32497 45 1 32 07 Rk 5 T i
WD BEM BNk, 2019.

Chen J Sh. Study on mechanical characteristics and engi-
neering application of reverse H-type double row piles
supporting structure [D]. Guizhou: Guizhou Universi-
ty, 2019. (in Chinese)

REEIE . H RGO AL N A K AR ID ] AR
JEHR B T K2, 2019,

Guo L Y. Internal force analysis and engineering appli-
cation of H-type anti slide pile[D]. Chengdu: Chengdu
University of Technology, 2019. (in Chinese)

B2 B R b B e T B ST R S A 2 T LB S
LD L ORHS PR 28 K%, 2013.

Hu H X. Study on mechanical behaviorand design opti-
mization of new board-chair retaining structureon the
slope [D].
2013. (in Chinese)

PR , 23 RS, 52 2 1] VA IR 2 500 iR iR T Y R
AW ] B E T A, 1987(3) : 34-42.

Min Sh N, Xu F H, Yuan J G. Chair pile wall in the

Chengdu: Southwest Jiaotong University,

[11]

[12]

[13]

[14]

[15]

treatment of shirongxi No.2 landslide[J]. Subgrade En-
gineering, 1987(3) : 34-42. (in Chinese)

P BT g A XU R A d e B9 LD ). Bk A 4R L 1981
(4):64-74.

Min Sh N, Xu F H. Research on chair pile wall[J].
Journal of the China Railway Society, 1981(4) : 64-74.
(in Chinese)

SRALIWE, E M, X0 BB, &5 ARk B i e Ay AR A S
BER g 2 R B (7] e R B B R, 2019, 10(1)
46-49.

Zhang L. C, Wang Sh H, Liu S'Y, et al. Analysis of
mechanical characteristics of the chair-shaped pile-board
structure in steep slope subgrade[J]. High Speed Rail-
way Technology,2019,10(1) :46-49. (in Chinese)
XL Ik B B R 2 A 25 4 S B T S 80 M
BrlJ]. B3 TR, 2016(3):21-24, 35.

Liu B. Impact analysis of key design parameters of chair-
shaped pile-board structure in steep slope subgrade[J].
Subgrade Engineering, 2016 (3) : 21-24, 35. (in Chi-
nese)

Amorosi A, Boldini D, Elia G. Finite element proce-
dures in engineering analysis [J]. Computers and Geo-
technics, 2010, 37:515-528.

e A I AR 2, A MR Al Xl g Y i R
PERFFELT]. MR T AR %4, 2015,37(2) : 317-323.

Qu H L, HuH G, Zhang J J, et al. Dynamic response
characteristics of anchor cable piles under ground motion
[J]. China Earthquake Engineering Journal, 2015, 37
(2):317-323. (in Chinese)

B it TR B B HBLAE - GB50111—2006 (2009 g )
(ST dbmt: b &l i R, 2009.

Code for
GB50111—2006 (2009 edition) [S].

Planning Press, 2009. (in Chinese)

seismic design of railway engineering:

Beijing: China

(AL T4 RE)

421



