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Application of circular reinforced concrete purlins in the small-size deep

foundation pit in the loess area
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Abstract: In the case of a typical circular deep foundation pit with a diameter of 10.0m and a depth of 24.50m in the
eastern suburb of Xi”an, in order to solve the difficulties in excavating a pipe jacking well with a small size and a large
depth in the loess area collapsible under overburden pressure, including the extremely complex surrounding
environment, close proximity of the working well to multi-storey buildings which are extremely sensitive to
deformation, no anchor cable construction space, the circular reinforced concrete was used to resist the earth pressure
instead of the traditional inner support, which not only eliminated disturbance on the excavation in the narrow space,
but also controlled the deformation of the enclosure structure and protected the safety of the surrounding environment.
Several engineering practices show that in a circular deep foundation pit with a diameter of less than 12m and a depth of
no more than 25m, the designed system has low cost, small deformation with the enclosure structure, safe and reliable
surrounding environment, no anchor rod (cable) remaining in the soil, and no impact on the later development and
utilization of the adjacent underground space, which provides reference for excavating similar deep foundation pits in the
loess area collapsible under overburden pressure.
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Table 1 Main physical properties of rock and

soil formation
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Fig.1 Plan view of the enclosure
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Fig.2 Sectional view of the enclosure
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Fig.8 3D view of the enclosure
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Table 4 Summary of monitoring results
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Fig.13 Monitored values vs calculated values of
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Fig. 14 Monitored values vs calculated values of vertical displacement at the top of the pit

Hi 14 7] LU 00 BT 45 5240 45 4 TR 323
UL R 5 KAB R —5.74 mm, 35 57 75 32 9 45 4 100

AT U0 R B 5 R H R — 6.30 mm, % B4l AR
AT, L 1 A B e R S AR R A



106 AR TR

20234F 3 H

0 53 S 0 B R T R A% 4 R R B — S B T
(0, B 2 R A M 4 o) R

4 HRE5ITE

(1) JEOIR B A i 780 A A 0 0 1, G 45 # P AR
S, BRI 1) e 7, AR IAE SCAP 54 L 9 S Br +  g
BHAER F 0 B85 L ) B 15045 i BB/ Y
200 AR b A A B DO AR RS — VRO 2
A R T T A DAL skt R A A A B e R A
g 22 M A g 2 A R 9 R R Y B R IX L 3X
Foft 22 J5 W% 7 /N T AR R AE [ 3 S A G A 2, BOAR
FI0 B R R B 1K B 24.50 m (HJE P B )5 AR AR /N,
K- RE R 8 1) A R S TR R KT AL R 29 7E 10 mm
LI

(2) BUAT B R B AT S e R S0 4 R g i)
BEPIRA T RACR R R I R A
A, W BRI TR A 3 3 e T oKk, w3l 4 s ) A
NN E R NS) PN G RV NN )
T BT A R EE I B R T 2 vh 2 i R 9, T
LR AR B M B 3 b 5 A PR AR i A R R R
.

(3) 2R FH 4 A 18 16 -+ PR IE FRIASLAR O N SCHEAR &R
L (A R BLAY A g 32 B RN Y, e R A T TR Bk
TYUR SR B AP E R T AR R R g AR
JEARGE 5 BE b BRTE B ARLAE JLAR] T 4R i % - 1T
BN OL R, Jove SR AR ) i e B ) H 52 v AR AT
B 1] R 3 0 B O, SO B0 S R A B ) S
PRG0S 1F 25 1, W] IR B BEOR BC A, (H 2%
VE Bt T4 22 , PR IE FEABLAE LA IA 2 AR i R , 2
T3 R A AR — i W AR A BT gl nT A AL
fil b 3 2 AR C AR R

5 #iE

TRIET S BT b 20 % 18 A 10 1 Joi 3o i 2 A 47T
T B 5 W 0 AR A TR R T A 22, LRl
B s RO BORE -, B A DR HCARR B 1 45 4 R A
Rtk AR A S i R &R B IR ) R/ T
— M B FE BT I B X PR AR sl i
KRR

L 47 A i 2 1 AL B8 S AP XA 7 Q0 B 1
b DA B I, A Al DXt A A B, 47 1l R
Fbs AN i T B R, PP AR AR RS LAk R T

BFT SRR B X R 2 A S W T A M JE R, T SE
P AR B R, s )R, Y R, G R 1 AR
ANIRZN VB2 A LETEE I i< D i R (U3 /b1 2= W 3 i
TAREGE A, BAT RAF A Ak 2 300 A28 55 34 o

5 % 3C#f (References) :

(1] ZElER, GEfh A  RIEBT BTG P 55 — RO [M ] b st
HES Tl ikt , 2018.

GONG Xiaonan, HOU Weisheng. Deep Foundation Pit Design and
Construction Manual (Second Edition) [M]. Beijing: China Ar-
chitecture & Building Press, 2018.

(2] ZERRAR, 5 E A B ST HEAE A 52 A 5 300 1 S 1 38 28 M0 1k

[C1//585/ Ja IR TR R Rt tmi8 SO  AUST =AU ikt
2018:26-31.
LI Senlin, GE Yuxiang. Algorithm for elastic fulcrum stiffness
coefficient of circular foundation pit pile ring beam internal support
[C]//Proceedings of the 8" China Construction Industry Press Deep
Foundation Engineering Development Forum. Beijing: Intellectual
Property Publishing House, 2018:26-31.

[3] HBRIR . AH TR AR EREE P IES TS SR B MO HEBOR [ ]
BRI, 2021,48(6) : 102-108.

SHAO Chenchen. Design practice and key technology for the
foundation pit in complex geology and sensitive environments[J].
Drilling Engineering, 2021,48(6):102-108.

[4] BRIED AEMRA £ 55k LOn TS k[ C 1/ /4 LA fk—h

B AR TR+ 12 58+ TR SN AR 243Uk
b W AR TR AL, 20191 179-185.
CHEN Zhenghan. Recent research progress of unsaturated soil and
special soil[ C]//Rock and Soil Spring and Autumn—TFestschrift of
the 60" Anniversary of the Soil Mechanics and Geotechnical En-
gineering Branch of the Chinese Society of Civil Engineering,
Beijing: Tsinghua University Press, 2019:179-185.

[5] okm, ER, T, A L RSEA R AR R C/ /8 =

ETRWIE Y SN = A (oS & | SRR R PN 7€
2019:2-3.
ZHANG Ga, WANG Gang, YIN Zhenyu, et al. Basic charac-
teristics and constitutive relation of soil[ C]//Proceedings of the 13th
National Conference on Soil Mechanics and Rock Engineering.
Beijing: Tsinghua University Press, 2019:2-3.

(6] EvkJy, Sk . PU 22Ty = A Ao b e TR A b TR I i (R ]
A A T TR B S BT B, 2017 16,

WANG Shenli, GUO Bin. Geotechnical investigation report of
Xi’an happiness forest belt construction project[ R]. Gansu CSCEC
Municipal Englneering Inverstigation and Design Institute, 2017:6.

(7] BRI, it 487, 55 60 O 1 b J2 R R B S HERE S 45 4
S JVRRAELT ] MR 28 6] 5 TR 2412, 2015, 11(6) : 1603-1610.
ZHANG Jiaguo, XIAO Shiguo, ZOU Li, et al. Mechanical

characteristics of row piles supporting structure of circular deep



555055 24

5K 53 A AN BE b PR OR RIS B M DX/ RS TR EE S e 9 1

107

(8]

[9]

[10]

[11]

(12]

[13]

[14]

foundation pit in sandy gravel stratum[J]. Journal of Underground
Space and Engineering, 2015,11(6) :1603-1610.
REBRAE R 4, bk, 45 SERR YT B S P  R RS ]
TR =44 BRITA T[T ] 1 TR 241, 2003, 25(4) :488-491.
LU Xinzheng, SONG Erxiang, JI Lin, et al. Three dimensional
finite element analysis of an extra deep foundation pit considering the
interaction between retaining structure and soil [J]. Journal of
Geotechnical Engineering, 2003,25(4) :488-491.
UL R AL R R E o A [T ] R A ) AR A
2011,7(S2):1653-1659.
WANG Hongxin. Stability analysis of circular foundation pit re-
taining structure[ J|. Journal of Underground Space and Engineer-
ing, 2011,7(S2):1653-1659.
GB 50497—2019 , H SR 5t TR W EE AR AR ELS .
GB 50497—2019, Technical standard for monitoring of building
excavation engineering[ S 1.
JGJ 120—2012, /SR HAR MRS ]
JGJ 120—2012, Technical specification for retaining and pro-
tection of building foundation excavations[ S].
JGJ 167—2009, 1 bk % - 3 DX SAEIT T A2 S AR S ]
JGJ 167—2009, Technical specifications for safe retaining and
protection of building foundation excavation engineering in col-
lapsible loess regions[ S].
DBJ61/T 105—2015, B HFHIL A HAR 5 @ 2 AELS .
DBJ 61/T 105—2015, Specification of technology and safety for
retaining and protection of building foundation excavations[ S].
R, MR AL mT e /N B AR PO SRS I A BT [T ] AR T
#,2021,48(5):113-118.
LIYi, ZHONG Haijiao. Foundation pit monitoring and analysis

[15]

[16]

[17]

[18]

[19]

for Beijing Shiyuan Town Reception Center[J]. Drilling Engi-
neering, 2021,48(5):113-118.

G BRIEDL, B 0, A IR ARG AT Qq 8 Y T g S
IR AR RS L] A 0%, 2010, 31(2) :433-440.

LI Jiagui, CHEN Zhenghan, HUANG Xuefeng, et al. In-site test
on earth pressure and saturating collapse test for unsaturated loess
Q on high slope[J]. Rock and soil Mechanics, 2010, 31(2) :
433-440.

AT RN ED T 0T 32 5 20 [M L JE 5T AR A
Ji#k,2013:223-241.

LI Guangxin, ZHANG Bingyin, YU Yuzhen. Soil Mechanics (2™
Edition)[ M ]. Beijing: Tsinghua University Press, 2013:223-241.
W oete RIS AP G B ST 307 Ik R R [ M st
b R L 200415, 26,

YANG Guanghua. Practical Calculation Method and Application
of Deep Foundation Pit Supporting Structure [M]. Beijing:
Geological Publishing House, 2004:15,26.

it SCAE TR FEBUAE G S AP BT e i LA LT ST R
1993(20):3.

SHI Wenhua. Some problems in the design of pile anchor support
for deep foundation pit[ J]. Building Technology,1993(20) :3.
SRIE RS R AF LA, A5 YT TR S 7IM ] b 5t v [
STl HRAL, 2018 46.

GONG Xiaonan, SONG Erxiang, GUO Hongxian, et al. Ex-
ample of Foundation Pit Engineering 7[ M ]. Beijing: China Ar-
chitecture & Building Press, 2018:46.

(m# I )





