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Numerical Analysis of Excavation of Prefabricated
Recyclable Support under Asymmetric Load
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Abstract; The mechanical and deformation characteristics of the new prefabricated recyclable
support structure during excavation under asymmetric load are studied. Relying on a pipe jacking
project in Zhengzhou, this paper uses the finite element software ABAQUS to simulate the whole
process of excavation of the prefabricated recyclable support foundation pit under asymmetric load
conditions. The change law of horizontal displacement and force of this kind of support structure is
summarized. The calculation results show that when the foundation pit excavation is finished, the
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horizontal displacement and bending moment of the piles on the asymmetric load side are not the

same. On the side with larger load,the displacement and bending moment of the upper part of the

pile are larger. With the increase of the load on the larger side, the displacement and bending

moment of the upper part of this side of the pile increase correspondingly. The axial force

distribution and value of the crown beam and the 1st floor middle beam on both sides of the

asymmetric load are significantly different. All in all, the supporting structure on the side with

larger load has larger deformation and more complicated mechanical characteristics, which should

be paid attention to and closely monitored during construction.

Key words ; asymmetric load ; prefabricated recyclable support; foundation pit excavation ; numerical

simulation
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Fig.1 Construction process of prefabricated recyclable supporting structure
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Fig.2 Top view and sectional view of the foundation pit
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Table 2 Parameters of support components

B, WHEWE/

ScApB A TARALL
GPa (kN-m~%)

WpE(ffE)  36.2 32.0 0.20

R T 210.0 78.0 0.20

IR AN 37 210.0 78.0 0.20

RiIRBELIEHR 30.0 24.0 0.20

W TR OER WA RETRE
L2
B3 G S KSR N

Fig.3 Schematic diagram of steel pile serial numbers

and support components
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Table 3 Simulation of construction process
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Fig.5 Top view and sectional view schematic diagram of loads positions
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Table 4 Load combinations description
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Fig. 6 Horizontal displacement diagram of steel pile A,B,C,D for all excavation steps under the 5th load group
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Fig.7 Horizontal displacement diagram of steel pile A,B,C,D when excavation is finished
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Fig. 10 Moment diagram of steel pile A,B,C,D when excavation is finished

G 10 (a) FE 10 (b) AT LL A B, R
XK nr 2 A T AR () 25 40 A S R /NIt

A—EL P2 B R/NVEAAS R X A A
A FE(EL, TIREE P2 AOHE O, R A HE B /Y



42 4

SR A AR X RRA H AR R 2B AT DS P ITHZE BUE 3 271

A AT AN R R B A3 . AE 0 ~
2.0 m &b WG S HEE I N /£ 2.0 ~8.0 m
A AT (1% T 25 R (L i , TR A i 2 R e K R
RPPHOR AL X R P2 B3GR &5 W
AT 2566 i 5 0 oh A A 3k X T AT AR i 2k
T A AR i W B IS T ) H
E 10 (c) fE 10 (d) Frw, biE P2 B3
K, AL F TG M HE C FIBE D (13 AR 1k
VIS 150 B A X R Ay 48 /NS Ak X6 IE fip
BAMATEAA Y 25 R/ NS I A K
3.3 ERIMERHHAHH

B 11 e 55 1 2IEGE 5 2 R
55 3 RIS SIAEAS R AR X FR AT 24 G 1Y
R E LY Bl AR bR X R — M AR
EEAT TR L1 ~ L4 43 SI%F 7 (04 7 {3 ]

UL 3, Horp L1 A L3 AR XS AR 2k M), L2
L4 A TG far 28240

ME 11 (a) ATLLE i, L1 F L3 ] 22 %
TR BA—E, BEE P2 (36K, L3 i
AR R BN ) Ay AR R AN ) B
VR g 32 R TR vl 38 52 s A Dk ofe ik
559, i e E AR I PR A L M 3R AR
IR, FoZ e AR B Bl P2 1) 384 JCAH N
9. B 11 (b) AL ARAE M5 E 11 (a) 5
AR—F, RIEN S AE T, P2 B RN A ok
FRISEAZ TR/, 11 (¢) FIIE 11 (d) 5
SRR IEATE A —, HARXTFR A2 mi
R L1 0 L3 00 A S ) R/ INEEA — 3, 130
JEXF FRAT AT S 2 JE RIS 3 2 (B
1A A Sk A R

28 28 28 28
24 24 24 24
20 20 | . 20 | 20
PE g1 gl6 g6
= = = #®
¥y ¥y ¥yo ¥y
8t 8 . 8t y 8|
oo Al A o R al o R AL WRAE]
—Oo— A2 —o— WA E2 —o—fiiRAE2 —o— FIRAE2
4r —A-fimma3 AT A RAS3 4T o, —A itk A3 ]
—O- A &4 —O-TRAE4 i —O-TR4AE4 3 —O—WRAE4
oL & rwkmds | | cwmmmds | o ommads |, o - @REES
-150-100-50 0 50 100 150 —400 —200 O 200 400 —600—400-200 O 200 400 -800-600-400-200 0 200 400
B S1/KN /N B F1/kN B FI/kN
(a)iE LEIRER (c)F2RER (B3R ER
B 11 YU ER R 12 52 2 583 BIERH I R ERE
Fig. 11 Axial force diagram of crown beam and the 1st,2nd,3rd floor of middle beams when excavation is finished
L AINFREE I, [RAATE A4 rr b 30 2 R e P 3
4 én 1/I:\»

(1) FEAERS AR AT 2 AR AF T, AR X Bk £ 4
PIAREAA K P-4 # il 2R AR IF A — 2, for
BOMUBEAR T 1 AL ST AN 7 [ 2 7%, B
BRIy A3 /I B 18 0 [ D00 A A Tt 4 37
EVEE S e DNIERI TR 1/ R = R SN
BEAATRARAESTAMAL ALt A 4 K

(2) FEAE RS AR AT A F T, 7 28 AR
AEAAC HR 0 2 R K. i 05 R £ K

eIl LT

(3) FEAR XS FR 4y 2 55 A R, T R 5 1
JENEGEAE Ao 280 AN 52 1 A P A58 A
DR ANy A 1 o, [0 %k g A8 A s R 220,
150 Ai B RANY ) Wi 2 SR AR FE R, e
52 s 8 JRE DU e ofe e 53 | B R 0 o R I A

S 0k
[1] PvEE 383 K. RIS B BOR BUIR K e 2



272

Tk B B OR E eE R (A SRR )

%36 %

[J]. 5B %5 TR, 2018,35(3)
104 - 117.

(SUN Chao, GUO Haotian. Present situation
and prospect of new technology for deep
foundation pit support [ J ]. Journal of
architecture and civil engineering, 2018, 35
(3):104 -117.)

XRHG, e, AR S A R IBDE St
Fa I 4r T [T]. RS R AR iR,
2006(12) ;2134 -2136.

(LIU Fagian, WANG Jianhua. The active earth
pressure of circular pit subjected to non-
uniform surcharge loading [ J ]. Journal of
Shanghai jiaotong university, 2006 ( 12 ).
2134 -2136. )

TRUN, SRR, 7% i e i Ay ) SR PL R AR
PE=4Er T T]). MR 2 ]S TR AR, 2017,
13(6) :1553 - 1559.

(XU Zhou,ZHANG Dong. Three-dimensional
analysis on basal stability considering local
ground load [ J ]. Chinese journal of
underground space and engineering, 2017, 13
(6):1553 -1559.)

AEREE PHAE (AR, 5. SABER I O R 5T
FElP S AT 5 N Ko [T A s
5 T#%42,2011,30(4) :826 - 833.

(SHI Yufeng, YANG Junsheng, BAI Wei,
et al. Analysis of field testing for deformation
and internal force of unsymmetrical loaded
foundation pit’ s enclosure structure close to
railway[ J]. Chinese journal of rock mechanics
and engineering,2011,30(4) :826 - 833. )
XU 55 V. e R AT AT e 2 [ Al 1 Tk
YU IS R0 W #r [ 7], B AR 4544, 2015, 45
(6):93 -99.

(LIU Bo, XI Peisheng. Study on excavation
effect of an unsymmetrical loaded deep
foundation pit adjacent to existed expressway
[J]. Building structure, 2015,45 (6):93 -
99.)

Wk 7 BROBTAR . AN RS By 005 TRFE T [ 38
R T]. A+ 25,2011 ,32 (3T 2) .
378 -382.

(YAO Aijun, ZHANG Xindong. Influence of
asymmetric load on supporting deformation for
deep foundation pit [ J]. Rock and soil
mechanics,2011,32(S 2) 378 -382.)
WANG D L, WANG L. Impact analysis of
support structure of unsymmetrical loading deep
foundation pit adjoining highway[ J ]. The open
civil engineering journal ,2015,9:463 —470.
ARl AR HUA N R b R I R TR
AR AT [ D], MR 25 )5 T AR 24,2015,
11(3):720 -725.

(LI Zhiwei. Analysis on the impact of the
adjacent building on the deformation of deep
excavation in soft ground[ J]. Chinese journal
of underground space and engineering,2015,11
(3):720-725.)

25 U, FEE , 1 BRI ST AMar 480 K A i X
SEGUFHZ AR [ 1] R e 5 T
4R 2016 (4) 97 —102.

(LI Yugi,ZHOU Xuan, XIE Kanghe. Influence
of outside load on deformation behavior of

[10]

[11]

[12]

[14]

[17]

[18]

foundation pit excavation in soft soil area[ J].
Journal of architecture and civil engineering,
2016(4) :97 -102.)
FAH D5 WA A — R
P AT NSRRI AR I S AP 25 R i B it T
771 : CN109056746 A[ P]. 2018 — 12 - 21.
(WANG Fuming, FANG Hongyuan, PAN
Yanhui, et al. Design and construction method
of flexible composite prefabricate recyclable
rectangular working well support structure .
CN109056746A[ P].2018 =12 -21.)
PAN Y H,FANG H Y, LI B, et al. Stability
analysis and full-scale test of a new recyclable
supporting structure for underground ecological
granaries [ J ]. Engineering structures, 2019,
192:205 -219.
T 250 A WA A SRR 2 B 45
AW SR [T]. K T3 K #1244z, 2016, 35
(12):1 -11.
(WANG Fuming, LI Jia, SHI Mingsheng,
et al. New seepage-proof and reinforcing
technologies for dikes and dams and their
applications [ J ]. Journal of hydroelectric
engineering ,2016,35(12) .1 - 11.)
TR AW skak 5. R B S R
FUE K H 1k CN103215960A [ P . 2013 -
07 —24.
(WANG Fuming, SHI Mingsheng, ZHANG
Bei, et al. Polymer vertical support system
grouting method ; CN103215960A[ P]. 2013 —
07 -24.)
O, FHAE, BB 2. R EEDT 2 T
FEMSEUIE M T [ 7] 55 12,2013,
34(2) .439 —448.
(GONG Jian, WANG Xujun, ZHAO Xihong.
Analysis of effect of first-level basin
excavation on deformation of deep and large
foundation pits[ J]. Rock and soil mechanics,
2013,34(2) :439 —448. )
ZHENG G,ZENG C,DIAO Y,et al. Test and
numerical research on wall deflections induced
by pre-excavation dewatering [ J |. Computers
and geotechnics,2014,62.244 -256.
HKis K,k Tz R, A5 BUE T 1 ST
AN PRI [T ] A TR, 2012,
34(HEF)) ;113 = 119.
(ZHANG Yunliang ,NIE Ziyun,LI Fengxiang,
et al. Deformation prediction of excavations
based on numerical analysis [ J]. Chinese
journal of geotechnical engineering, 2012, 34
(S):113-119.)
PRI RTS8 . AT M e 27 F R U
BEGUTZ S e R OE e (1] A L 2,
2010,31(8) :2592 —2598.
(LIN Gang, XU Changjie, CAI Yuangiang.
Research on characters of retaining structures
for deep foundation pit excavation under
unbalanced heaped load [ J]. Rock and soil
mechanics,2010,31(8) ;2592 -2598. )
STEWART D P. Lateral loading of piled
bridge abutments due to embankment
construction [ D ]. Nedlands; University of
Western Australia, 1992.

(VARG AR T SO R R )



