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Analysis
Scheme for Open Excavation Metro Tunnel

of Retaining Pile Optimization

Foundation Pit
ZHAO Xiushao, WANG lJikai, HOU Shilei, ZHANG
Hangiu, SHI Yufeng

Abstract To reduce the engineering cost of metro retaining
structure, taking the Aixihu Metro Tunnel in Nanchang City as
an example, using the method of numerical simulation com-
bined with field test results, from the perspective of pile
length, pile diameter and short retaining pile ratio, the feasibil-
ity of long and short pile scheme for metro retaining structure is
discussed. Research results show that; (1) the horizontal dis-
placement of the pile gradually increases with the reduction of
pile length and pile diameter and the increase of the number of
short piles, but the change amplitude is small in general, the
maximum horizontal displacement of the optimized scheme is
4.59 mm; (2) although parameter optimization will make the
bending moment and displacement of the original scheme in-
crease slightly, it is still within the variation range of the safety

coefficient, while the optimized scheme is more economical
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than the original scheme. According to the results of numerical
analysis, the optimized scheme is recommended to be: long
pile length 16 m and pile diameter 0.8 m; short pile length 10
m and pile diameter 0.6 m. The ratio of long and short piles is
one to three.

Key words metro tunnel; foundation pit; retaining pile
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Fig.1 Diagram of foundation pit enclosure cross-section
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Fig.2 Finite element calculation model
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Tab.1 Physical parameters of soil layer

s kg RS SR

MR Egaatss  EREmaals

RS, AR SR Y

(KN/m*) #IZRE/MPa  UIZLWIE/MPa  UIZNIEE/MPa  By]#5H/MPa MPa kPa
i+ 0.32 18.9 10.0 10.0 30.0 45.00 — 10.00 12.00
b 0.32 19.0 10.5 10.5 31.5 47.25 — 49.62 22.63
4iwb 0.30 19.1 16.0 16.0 48.0 72.00 — 0 30.00
i E + 0.32 19.0 7.0 7.0 21.0 31.50 — 49.62 22.63
A 0.30 19.6 25.0 25.0 75.0 75.00 — 0 34.00
BRAD 0.30 20.0 32.0 32.0 96.0 115.20 — 0 35.00
Ik 0.30 20.0 35.0 35.0 105.0 157.50 — 0 36.00
MREEPE 030 20.1 — — — — 200 30.00 37.00
R 0.29 20.5 — — — — 2 890 200.00 37.00
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Tab.2 Physical parameters of retaining structure

AR AR HEL/ 24 mE/(KN/m’) SiPkkifE/GPa
TREE 1 % 0.2 24.8 30.0
WA 0.2 78.5 210.0
AT 0.2 24.8 30.0
% 5% 0.2 6.0 31.5
5t 0.2 24.8 30.0
IR 0.2 78.5 210.0
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Tab. 3  Construction steps corresponding to each work-

ing condition

T it T A5

THL HR -

T2 TSR0 by 2%

T3 T AN THb RS AP S P

THk4  THZEAMNEE 1R (1.0 m) sk (-0.5 m)
THS  THEAMHE 2 B (-2.5 m) N4 (-2.0 m)
TH 6 JFHEAMNUE 3 )2 (=53 m) N34 (4.8 m)
THT  JFZAMNE 4 2 (-7.8 m)

TH8  JHENBHE 12 (-8.8 m) k4 (-7.8 m)
TH9  IHEAMNHE 2 B (113 m) , insg4#(-11.8 m)
TH 10 FRAMNTES 3 2 (-15.2 m)

TE: SMUARTHZI bR & 0545 5 B Fonbn
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Xt EAEAAR K P2 3% s INMEL S 3 5518, 4 3 B
o HIIEL3 AR, AL RS SEIMME AR SR 5.5 m Ak
A KA, O 4.03 mm, T 7K P37 F% 465 DL{R 7 1 IR
6.0 m AMAT B RAE, O 3.70 mm . REAELH £k S 4
PEAE ARy, A RRIE(E N 0.72 mm, % EF|
S TP A AN 5 PR 3R 7 M S AR 1 R 22 4
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Fig.3 Comparison between the monitored and calculated val-

ues of pile horizontal displacement
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Tab.4 Combination layout condition of short pile length

and pile end stratum
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Fig.4 Comparison of long and short piles horizontal displace-

ment in different pile length combinations
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Tab.5 Comparison of long and short piles maximum hori-

zontal displacement in different pile length combi-

JLH N 3.70~4.48 mm, QYSRHEHEK H 16 m JsE
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PRI, A A= BT IR
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Fig.5 Comparison of long and short piles bending moment in

different pile length combinations
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Tab.6 Comparison of long and short piles maximum ben-

nations ding moment in different pile length combinations
< bk S HHAEE kS HAGHY HFHES FHE
ag AT g mgw MY me T don af REEmE AGIW RS A
A Bt/ IR Bt/ N Eipes A/ KEEmAE EOKE/ AR
Ji om i 28/ . i 2 MH/ WE=N (kNm) FH2EMH/ (kNm) FEEME/
mm mm (kNm) (kNm)
Fika| 3.70 — 3.70 — i1 -147.0 — -147.0 —
HE?2 3.75 0.05 3.78 0.08 4452 -149.1 2.1 -153.0 6.0
HE3 3.80 0.10 3.82 0.12 HE3 -150.8 3.8 -157.0 10.0
H4H 4 3.95 0.25 3.97 0.27 HE4 -155.7 8.7 -164.8 17.8
HES 4.17 0.47 4.48 0.78 HES -183.9 36.9 -189.3 42.3
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Tab.7 Different layout combinations of long and short piles

HaAmE X KAEPER/m JEAENER/m
4lfr 4 0.8 0.8
4146 0.8 0.7
HET 0.8 0.6
4l 8 0.7 0.8
4149 0.6 0.8
4145 10 0.7 0.7
414 11 0.6 0.6
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Fig. 6 Comparison of long and short piles horizontal dis-

b) K

placement changes in different combinations of long

and short pile diameters
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Tab.8 Comparison of long and short piles maximum hori-
zontal displacement in different combinations of

long and short pile diameters

< [ %gﬂ%Ej = NG YN
g KEKT g8t Gy MEKT gAed
e 1 T SN 30 A E R
RARIE/ EAT Y

i WA AP
+ mm mm 2 (H/mm
mm

HE 4 3.95 — 3.97 —
HE6 3.98 0.03 4.10 0.13
HE T 4.13 0.18 4.36 0.39
HE 8 4.24 0.29 4.08 0.11
HE9 4.79 0.84 4.38 0.41
H4 10 4.41 0.46 4.38 0.41
HE 11 4.88 0.93 4.82 0.85
3.2.2 T4EH5M
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Fig.7 Comparison of long and short piles bending moment
changes in different combinations of long and short

pile diameters
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Tab.9 Comparison of maximum bending moment of long
and short piles in different combinations of long

and short pile diameters

walgy P
G KmEmE A5 LR s 48
Tl WAf RS
Jix  (KNm) S/

(kNm) (kNm)
HE 4 -155.7 — -164.8 —
HE6 -158.0 2.3 -102.5 -62.3
HET -168.0 12.3 -67.2 -97.6
H4E 8 -108.4 -47.3 -165.1 0.3
HE9 -80.8 -74.9 -189.6 24.8
H4E 10 -113.9 -41.8 -112.6 -52.2
HE 11 -86.3 -69.3 -74.92 -89.9

BEAE N 0.6 m WYL G A B Ir (G 7) i, Bk
RSP R 8 A R E S 55/ 0N, R SOR BUZ 2 5 /Y
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Tab. 10 3 different long-short pile ratio schemes
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Tab.11 Comparison of maximum horizontal displacement
change values of long and short piles under differ-

ent short pile ratios
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JEETARRST Rt APk P B KA A S A /K SF- 57 5% 14 52 i AL
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W 8 s o ANFEFEPERD EL T, MR AT 1 7K P
fmlllvkaﬁg?@/zlm

BEPR IR A /mm
1 2345
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b) Kbk
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Fig.8 Comparison of horizontal displacement of long and

short piles under different short pile ratios

" i HE SR i i 5 AR
R R wkfy RIS
mm 2{H/mm mm o
HE T 4.13 — 4.36 —
HE 12 4.25 0.12 4.59 0.23
HAE 13 4.42 0.17 4.85 0.49
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Fig.9 Comparison of bending moment of long and short

piles under different short pile ratios
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Tab.12 Comparison of maximum bending moment chan-

ges of long and short piles under different short

pile ratios

wEAY BUlf
HE KA Ha LYK MRS HE 1 nsE
e FRAE/ KRB o oN (- R
75 (kNm) ZAH/ (kNm) ZE{H/
(kNm) (kNm)
HET -168.0 — -67.2 —
HE 12 -178.8 20.8 -75.6 8.4
HE13 -198.0 30.0 -81.2 14.0

R B A S A 25 R LT B 284K
3.4 AEHBFENLL

WCHEGTAC 2 ) 100 m, AN [) 20 5 5 58 A AR AR
KL 52 FE AT XS A, gk 13 s . i3k
13 7R, BRéH & 5 & A B RN BRI A,
R A AT ETT AT LR . 1R FE o R AIE & 42 1Y
B T, 0 4 TR A, W% & 3% A A
ORI S 11 A 12 S 130 1R LA
b R IR A AR 3 R G AR A ZE AR
RIGHTHR T, 255 75 AR i KK 8% Rl R 2
R, R G 12 RIS

®13 AEAAGHRMKFEBSEEI L

Tab.13 Comparison of horizontal displacement and ben-

ding moment in different combination schemes

M KRk @ik Kok ik R

mE KV, Kk, S/ AR/ H/

= mm mm (kNm) (kNm) m?
HE 1 3.70 3.70 -147.00 —-147.00 3217
HE2 3.75 3.78 -149.10 -153.00 2915
HE3 3.80 3.82 -150.80 -157.00 2 814
HE 4 3.95 3.97 -155.70 -164.80 2 613
HES 4.17 4.48 -183.90 -189.30 2412
HE 6 3.98 4.10 -158.00 -102.50 2 378
HET 4.13 4.36 -168.00 -67.20 2173
HE8 4.24 4.08 -108.40 -165.10 2 236
HAE59 4.79 4.38 -80.80 -189.60 1910
H4E 10 4.41 4.38 -113.90 -112.60 2 001
HE 11 4.88 4.82 -86.30 -74.92 1 470
HE 12 4.25 4.59 -178.80 -75.60 1 652
HAE 13 4.42 4.85 -198.00 -81.20 1548

4 i

LA B S A Bt st b s s TR
191, 7B Hs A SR I S 3P 3SR AR A S K e e
ARIAT R B Al A IR AR 2 8, il 0 Plax-
is3D A7 FROCEEFRAF AL ADIA [R] AOARE K ARAR A e A
T LS R A 7K P 0L % 25 A B 20 . 32 23R A

.48 -

LRSS

1) INBCSCH R 7K PSRl G BE A FTAR AR 1Y
NG LR &= ik e AR S5y N EW SR NTT=
AR BN AR A 7 58 AR B KK
4.59 mm, AR T 55 58 B BE A IR KK % (3.70
mm) {3 T 0.89 mm,

2) A A RS R I A AT A R AT AT A U]
T3 R, Bt R AT AT A28 R R AT 5t 9 185 i 34 K

3) SR SR S R B A A AT AR AR A U )
T R, Bt R AT AT A2 R R AT 5t ) 185 i 34 K

4) FrSBAAL Ir 58 AR Sl 5 )7 22 R
LA KT A% 77 A AR Ak (B AR 4 5 (A A UL 25
SRTTH, HARARYE BRI/ AT A 2 4 2R B ARG F
Mo AR T R KA &, LAk T BRAES T
PRy TS A PR, LAERGTK S 100 m Ry 4], iz 0i4k
Ti BRI > T 24 48.5%

5) FET AR I SEPRIE O, AN T S
7GR KA Ry 16 m, BEA2 0y 0.8 m; I HEE
Ky 10 m, BEFEH 0.6 my G —K =57 A E
VES
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