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Abstract: Aiming at the problems of resource waste, environmental pollution caused by the ‘temporary’ nature of existing deep
foundation pit support, the difficulty in controlling the flatness of the traditional circular support pile wall, and the obstruction of
promoting permanent support, this study proposed an upper rectangular, medium-expanded, and lower circular variable section
(RECV) pile as a permanent support structure for deep foundation pits. This study combined Rankine’s earth pressure theory and
elastic foundation beam method to derive the calculation formulas of bending moment, shear force and stress of the whole pile of
RECYV pile. The finite element method was used to establish the numerical model, and the reliability of the model was verified based
on the engineering monitoring data. The horizontal displacement and bending moment characteristics of RECV pile and traditional
circular pile as foundation pit supporting pile were simulated and compared. The numerical simulation results showed that under the
condition of bolt support, the horizontal displacement of RECV pile was significantly smaller than that of traditional circular pile,
which showed stronger anti-deformation ability and unit volume concrete support efficiency advantage. The theoretical calculation
results were basically consistent with the simulation results, which could provide reference for the internal force calculation of RECV
piles, lay a foundation for the technical theory and design method of RECV piles, and promote the development of permanent
support technology.
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Fig.13 Horizontal displacement diagram of pile body
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Fig.14 Pile bending moment curve
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Fig.15 Comparison of formula calculation and simulation results



118 TR N NI

it (T 2% W)

55 %

M 15 AJRUE Y AR AOE SR FEAR—2, T
BECRIREEUN T8 2~ 4 m AbBHT R TRLUE,
FEYUIHZ LT IS R OR T B, A B )
RAOLEAR . AW 2 HITE R B A T3 RECY
PR g BAT B O TR

4 b

(1)RECV SZH g He T 1% Gk A S A7 7
(R B A S 8| 0 R e D s ol %) 1), il — ok
BCAL il TR B Uk /D TR 06 B 3 A B Ak
BETF it T v] e S AR R b R O T = 4
I RRWA T TP WA A, A R T 5 B 58 O
HEBIAT X A A S A EE AT

(2)RECV ZHHE 5 %48 BUE AR AR L, HAKHT
KPR AR TR 1 Bk TAE R BIE 4 bk, T
P AR A, BB A RUPR B BE 0I5B 25 40 e KA,
U INEE B Ry, BEBTIF AR TE DL R R 4, RE
F 43 RAF L IURITE AR B O 3, KT A8 T 6 ) 15 3
insi

(3) FIF B8 5 7 B 5 o b i 2k o
S ) RECV HEAE ] SRS 970 45 4 F iR A K
Faofh T 0B A AR 5y ) N i Tk O S
PUEHE X L, TH O 5 SR AE SRR & 2 R T 4 R O
ARLFEFLBRE O, 7] LLAAFE RECV AR 35

S 3k

(1] b [ e SUR 2 0 50 Be. A 500 B 0 S 9 5 R LR
JGJ120—2012[ ST. dt.5t . H s Toll i Bt , 2010.
[2] ENTF. “— =7 HR S5 D ] A #iTER,
2001 :3-4.
ZUO Renyu. The “One-Pile Three-Use” technology and
practice[ D ]. Hangzhou; Zhejiang University, 2001 ; 3-4.
[3] ELAR, Wi FEGTEHEE 5 T =AM AHS S
“HEERS BB S T[T]. A R TR, 2012,
34(3T 1) : 303-308.
WANG Weidong, SHEN Jian. Design and analysis of the
“Combined Pile-Wall ” method integrating diaphragm
piles with basement outer walls [ J]. Chinese Journal of
Geotechnical Engineering, 2012, 34( Suppl.1) : 303-308.
[4] ETAR, T WEITES RR TR T4 5%
ARG S AT S SBR[ T]. Tl &3, 2004, 3
(HEF2) .11,
WANG Weidong, WANG lJianhua. Research and practice
on the combined use of main project underground structure

and support structure in deep foundation pit engineering

[J]. Industrial Construction, 2004, 3( Suppl.2) ; 11.

[5] AEtE, X%, A% SRR S T B AESE &

MR ASTP S [T]. R 5 TREAE 4R, 2017, 34
(2): 119-126.
LI Lianxiang, LIU Bing, LI Xianjun. Permanent support
structure integrating retaining piles with underground main
structure[ J |. Journal of Building Science and Engineering,
2017, 34(2): 119-126.

[6] ZiErt, ZMERE, TRk, 5. BIEUA L4k A

YIS ST ITIE[T]. L, 2024, 54(13) .
133-140.
LI Lianxiang, LI Shengqun, XING Hongxia, et al.
Theory and design methods of rock-soil structured
permanent support for deep foundation pits[ J]. Building
Structure, 2024, 54(13) . 133-140.

(7] Z3HE, X%, BUBEPH. BEHTSCHHE R AAFTEXTH T %

M IR [ 1], IR RS2 4R (L3R,
2018, 48(2) :30-38.
LI Lianxiang, LIU Bing, CHENG Xiaoyang. Effect of
permanent retaining piles on soil pressure distribution on
basement exterior walls in foundation pits[ J]. Journal of
Shandong University ( Engineering Science ), 2018, 48
(2): 30-38.

[8] AHHEkt. RN ST TR AR B - FR SR A5 R Atk
5w B i [ EB/OL ]. (2018-09-21) [ 2024-07-02 ].
https : //news.yantuchina.com/39312.html

[9] ZErE. AROLHEAEST TR [M]. Jtat. P EEFR T
AL, 2022; 5-6.

[10] FANTAYE S Y, JOHNSON S, VERASTEGUI R.
Nothing temporary here: gain efficiency by integrating
excavation support as permanent foundation [ C ]//
Engineers AEI 2015. Milwaukee, USA: [s.n.], 2015;
141-150.

[11] Z53HE. M N E5MER IR TR [ M. dest. b E A
Tl Hipdt:, 2023 66-67.

C12] AR IR T R R BRA R — Bl A IR
Ve AL FLHE TR B A B 202311238194.4[ P]. 2023-
12-29.

[13] AR BT LR BRA ] AR R 2 — T TR A
AP RS K HOME T 75 5. 202311238131.9[ P. 2023-
12-01.

[14] XD, TR, 8. PCC BEK TR HUFRME B RS

RO BB 5E (1], & + TR % 4, 2009, 31(2):
161-165.
LIU Hanlong, ZHANG Jianwei, PENG Jie. Full-scale
model test study on horizontal bearing characteristics of
PCC piles [ J]. Chinese Journal of Geotechnical
Engineering, 2009, 31(2) . 161-165.



5 6 3]

AR S5 RIEY UK A S RECV A TAEHLEE 5115500

119

[15]

[16]

[17

[

[18]

[19]

TR, TR, L&, % RERY RS
HEIAE SEEBRL[T]. A L TR, 2010, 32
(9) . 1406-1411.

WANG Junlin, WANG Fuming, REN Lianwei, et al.
Horizontal static load test and numerical simulation of
large-diameter bellied piles [ J ]. Chinese Journal of
Geotechnical Engineering, 2010, 32(9) . 1406-1411.
T, BRERE, M. AKOPAT 8N K ER A
RS REEREIE[T]. A £ TR, 2007 (8):
1194-1198.

WANG Jianhua, CHEN lJinjian, KE Xue. Study on
bearing capacity characteristics of large-diameter rock-
socketed piles under horizontal loads [ J ]. Chinese
Journal of Geotechnical 2007(8) :
1194-1198.

W, KM, JeFn, . AT AT SN
ABRE RS RCR T [T]. B IE ST TR EFEDE,
2019, 1(1) . 119-126.

XU Changjie, ZHU Huailong, LONG Libo, et al.

Engineering,

Analysis of the protective effect of isolation piles on
existing tunnels outside deep foundation pits[ J]. Disaster
Prevention of Tunnels and Underground Engineering,
2019, 1(1): 119-126.

Wolete. TR LY ST A Al i S ISR 7 i K
[J]. 717, 2004(12) ; 1885-1896.

YANG Guanghua. Practical calculation methods and
applications for deep foundation pit support structures
[J]. Rock and Soil Mechanics, 2004(12) . 1885-1896.
g R TR A BR A F MRS
BE(AM T3) i R B : T/CECS 1291—2023[ S]. dt

[20]

[21]

[22]

[23]

[24]

[25]

o EER S e, 2023.

FIZR, KEEE. TRD T.9555 58 BEK ¢ L HE G HOR
HTRSE[T]. AL TR, 2012, 34 (3T 1) .
628-633.

WANG Weidong, DI Guoen. TRD method: thickened
cement soil mixing wall technology and engineering
practice [ J ]. Chinese Journal of Geotechnical Engi-
neering, 2012, 34( Suppl.1) ; 628-633.
WA by Mk £ T . U HIK U8 £ 3% LE k3
ARIUAER . JGI/T303—2013[ S]. dtst. HrEES Tk H
Wit 2013.

SRED, BXE, PhoTar, S5 AR S it s RS g
WAFFE [J]. T a5 5 TR, 2009, 5(5):
1020-1024.

GUO Yin, ZHAO Gang,

Experimental study on internal forces and deformation of

SUN Yuandi, et al.

anchored retaining piles [ J ]. Journal of Underground

Space and Engineering, 2009, 5(5) . 1020-1024.

REMS, EFW, T2, 5. BEASKHEAN Jihid5

WHFE[T]. AR TR, 1999(2) : 101-104.

ZHU Yanpeng, WANG Xiuli, YU Jin, et al

Experimental research on internal forces of cantilever

retaining piles [ J ]. Chinese Journal of Geotechnical

Engineering, 1999(2) . 101-104.

T SR T B, SRR HR AL : JGY 94—

2008[ S. dbat: s AR Tk H At 2008.

o [ 2 SR A B ST B TR BE A5 R B LG . GB

50010—2010[ S].4b5% . Fp E A5 Tolk i pit, 2010.
(#3004



