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Research on In-situ Support Technology in Underground Space Development Projects
under Cultural Preservation Buildings
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Abstract: In the Shanghai Zhangyuan urban renewal project, the traditional shallow foundation of masonry structures was transformed
into a temporary static pressure anchor pile foundation using in-situ support technology. Then, a tray structure connected to the static
pressure anchor pile was used to achieve the permanent pile foundation conversion between the static pressure anchor pile and the
indoor low clearance bored pile. By utilizing the new concepts of "ring beam nodes" and "pile column integration”, the in-situ support
of cultural preservation buildings was achieved, reverse development of underground space below the original building. The article first
introduces the overall process of the replacement technology. Combined with the overall process, a detailed introduction will be given to
various special processes, including upper pre reinforcement, tray construction, low clearance static pressure anchor piles, low clearance
bored piles, and jacking and leveling. After the completion of the existing building, the construction of the underground space structure

will be carried out in reverse, especially the design and structural testing of the new "pile column integration" and "ring beam node".
Keywords: cultural preservation buildings; underpinning; underground space development; tray structure

515

R A SR R 32 0 2o I B S O
28000 B o H T BRI 9 A R R N R B
REREAIIARTEY . BUR M R A I RS . BT, i
N RTF R SN st e, HeT, Bk, M4
SR

Forbr, SRR FEA R X R A SR S Ak AT ] A 5 4,
DR Ak TAEARAS 1 TR EOR ™ o 8 2 A 5 Al o
Vhe BGRFTH . FERUFTH, N TR A R S A
FRT, TRE A FH ) A B3Rt ¥ % bl RS R sk
FAR, ToIRAE 2 BOEAT S FUR 506 T o AR 2R A T
WP AR AR Ve A — BRI RAZAL . NSRBI
SR8, DL A A RS AT T P R BT
A5 CHV L5 BARAE 5 P B R HE, R AR AR 4

SERME ST I, BEA SRS 2 (T A R AT
T FERAE IO RS Bt . SRS
BARHE LA Routr ARG N B ST IR 512

Copyright © 2023 by authors and Viser Technology Pte. Ltd.

AN = LSE e /O A L LR P e (52N € £ L7 (R S
SR

1 TIEHR

s, AT b R G B D S SO KR X . s
oY/ N S Y I & WD UR AV R ES /A SR IET Y
HICORANE TS 1 S FUL R, R e 1T R SR R

5 Bel 3k T SR I ARFE K el AT ik g sz LK e
HUERAZ O, BAETIE “SCRIR T iR iR
HBRIX 37 8 I ORGP EAL 7 SR SR G T A T S A
AT RGN B3, (85K Bel e A e A3 70 o 5K el 730
F 0 PR AR A R e B S A A5 T A 3 T i — AR
HIHT ) TR«

B 5E, RET 5 B SR X HUCA B A S A
PP T A 2R ) LS DR A B S e s T A JR) A
AET TR R R R EOE BOR 5 T2 R R B 7 S fRp
FER TS L Nl 1 113 3 BN RSE s % N 3 SN L S
LRI, DA B i a6 5 BORMERRLSE

41



QS?VBEQ

TR - 2023 2564 H511)
Engineering Construction.2023, 6(11)

2 BKRIE

ERFEMAT T SR RS R AW R A TR
HRBARAN G S & R R @S R AR S
¥, TS TREFRE, BrFLias R B
90 2 1) L S i SRR )G F 4 e it e e A 8 7 =X
FIRERE SRR F /- FHLE] s 23 M8 A o i 7R
FERH G SRR G5 T AR B AR, T T AR B Sl
FEHe % F 3R AR R A o

DATE SR RSB AR SR SR i A% T A e e, AR
Gk LAY 2N 4 B R B S T 5, AT AT DA £ 5
T2 20, TFEMMEG MRS (IR EREARSS) Sz
S 0 4 R A I R ] e T At e Rl R B AT 5
E, AT T B R AR FE 2 45 44

BEFTER AT 32 R F R WIAE P20 B B Al T n [,
() B R) AP T AR S 2 50, ks R AR B 2 AR it
Tk RS BEAT SR AR R, N B 2 A E AR K T P2 S AL
T ) o B FLIEVE AT A2 (575 B AT 155 T AT 5 480 Bl 32 AT 678 il
TRAESE, AT st S 25 8] (1) T R B2 AL 1% 17 S 3 4
Ro WHE=ZH N ERSCREFUNE], R TR BA R T
SRR ATR : S FERR T INRE IO
FEAEME T 125 B e, —kE—fbii T, Bl B TF2.
Bl EH S5 T. FahFtidrbr, S)ath NEB L.

3 EMTE

3.1 LERmANE

DA = 2 ()Rt A B0 YR 2 SR ST DR SR 81 o 5 2 i [l 1)
T WA, DL N B PRl SRR, RS,
Beppk . F R TE B, SRS SR R i
SEA AN AT SR S EILRE AR (14 % i o [ 5 3 3o K R P b
SR SE DB AR ) 0 5 5 38 3K A A 47 5 R ST B == PR R 1
[ AR R FH B 7 MLR 2 T T B L 42 S S I A o 3]
JIT A AN 5 $ik A 22 1) SR PR B 7 AR R BBk AR A7 55
& CnBE 1 TR,

£,

Ry
[
el e
P ™

Bl (a) RREREMETENMEREE: O©) XiEREN
SMEMR. NEME (MASATRERRD

3.2 AL
FERL LR 4540 T2 UM BE A e SRR Ah 2 mT 5 1 Ak
ANFEI IR 7 3, TG R — 2R —
B AU EE, JeRETE KB A5

3.2.1 Kk E

X SR EERIE EEAT 6, BRI Z, 8 R

42

THFAME T 75%, 1S BRF HE FFABUZ , 0™ TH R B A ) 6mm,
TERRWE BRI, HAKERTE, 2meE, BEARE
FUK . ST 0 b I (B A, PSR S A A, A A9
ANBERIN S5 A AN, AR IR BE AN I BT 2 Bl A (B 4. a),
BN JEREZENA/NT 300mms

3.2.2 FLALRRET

BN L REAR . RS S E Bt BoTE 2R o N5
BHAKTET 20mm BERARFLEZSHSL, /AT 20mm
B, SRAZLIEL, BIEKEEREHERRUE .

3
1]

o =
EERRNTEALER 900 o
LTI ) ///;/

B i
O i
P 2 J— 3
SERRECAIENE I 5/////?_; S - . :
L o \u 3
EdxpaeRsrnan b = " wtnae
ERUARLFARAEA = FHLAERE
KEryug RERE CRARRRRAAERE HEF R

B2 FIHPHEIILERITE.

FOEE AT 1 B TR B, DAL I g 2 R 11
AR . FEAREIEAR 2R AP I AT DR A 3y Jedm e (L
B 2). ZFhER, MR IRE. Kb, SEERERL
PR IR AR Iy Tl SRR v, I 1 hn
AR GRLA . BIBCC . BRARR, AIRIIRER.

3 (a) SMIIEFEEIHIEL: (b) EREREMIRIRS
WERGREL; (o) FIRTFAREHITIIRR AT

FEAE 22 e T 5 D 2 p 9 ) ) e i) 2 DXt T it T A
RO R AR AR R, AR e LI R R R T g i
T BRI AL, TR EE IR A R e, AN E R L.

55 BORAE TN [ S i T R, R
S v At L S B AT 7 AT Al o 1 7R AR v I
AL S0 B B TR RAAE (L 3. ), P L
BAERRER (LA 3.b), &aiEd S s T T
TSE BRI 51 (LA 3. ¢

3.2.3 TRE LK Fm A 4

FER AN AR AL I T TR AL (& 4. b)), BEAL
TREE R BN RHEE A, B0 330X 330mm, R 430
X A30mm, [ PR A S ) SCHRBEAT 5 il 7) M32 L
WRGUEN, FITA TER B PR 38) 75 ] 5 7R 5, RO 6 2 £
WEEE (K 4.¢).

Copyright © 2023 by authors and Viser Technology Pte. Ltd.



TR - 2023 6% 119
Engineering Construction.2023, 6(11)

@ VISER

El4 (2 FEREAMBHOFHILNE; (b) RELEHR
BB (o) BMEXRMBIL R

3.3 (RS TFRIE AT HE

Fp S I QLo BETA BT FLER 5, EAT B IR B AT A 1
T oA SR BT AL (B 5. a), JEAE (5. b)),
HEE (E 5. ).

(2) (b) ©

(b) [E#E: (c) i

6 (a) WATERENTRET (BRESEH); (b)) EMEE
ML (o) BE=HITHREM: (O BEXIETREREEL
() EEXEFEHEN: () EEREITHERFREREE

F 1 EEXETEREEFB R E X L.

AR | [E AR BE . BERE Y
e P L I e
% 71 JiE)

X
52?35280 500t |[ENEHE: 500mm
: 1.5~3.5 10
A JibE: 450X " o
450mm
X
52?35280 500t |#NEAE: 400mm
% 2.3 30
A JiHE: 350X " o
350mm

Copyright © 2023 by authors and Viser Technology Pte. Ltd.

e EESRARSTR/N w BRI AR H R AT

FESCEEIT S I H A, JCHGR AR 2 5 T I I
BT R 1, 75 2B B SR AR I Bl RS R B AT A i
JEMENL (I 6D HAT, MRAE LR B AT A2y b
Je A AN g AP, I 1.

3.4 (R = hFLiE T

T 58 YR S5 A ) e 2R it 20 e P AP Ak (22 TR R
TR MRS, T AR R K AR ¢
PRACHERE” o LEFLAE A5 TR K FLIIR A it T A1 2l FLE
VEMERS, FHWUTLE FIE, IR TR =T 5
VEENEAN_E BT SR . ANESRE TREA, Bl TRz 52
R T, B T 7R BN AL ST AT i A Ve At
PRI 7 AR TR WA T8 A 22 Bl AL REVE I A
PHEF L BRI JE , LA B FLREERE AT U B2 % o
I AE TR S T B BB A K AVERE LR, e B A S L b
P8 5 K0 A A 3808 7 e S 2 6 SR )l L VR A A R i
F. Mﬁﬁﬁ%?@%ﬁ}@jﬂﬁﬁ‘fﬁ&%ﬁkﬁ\@*&%%?ﬁh

HECHEFLEEE T ETRR

EIH!'F$£ ERE#H
()

7 (a) eLERSNEBR/NE B FNE PR = R AT AR AL
(b) IEAMS=HFLETIHIFE I TETR: (o) HIE
FEMTEEN; () BEBERMAETEE

30401 it LA

TR lE A R TR, b RN TS 2. 3m, B
AINFE SR 3. 8me T TR T HTAL SMD7T-C73 YL FLAEAL
£RVE 60m, FLZNHLY)ZE 55+18. 5kW, £ 41448 10~170rpm,
B OKHIAE 7. 5kNm, fe K& FLEL4E 1000mm, £5HLE & 1. 8t.

g

(©)
8 EA{LEZSHELAY SMD SMD7-C73 BU4EHN, (a) FmiRit
E; (b) BEigitE; (c) 3D REE

[C)]

43



@ VISER

LR - 2023 6% HE1LE
Engineering Construction.2023, 6(11)

AL, TR SMD-75 B 5 [ b 5L H L o) %
45Kw+30Kw o £5 L 52 A HIAE 10000N. Mo 5 KA FLIARE T0M.

PSRRI B/ B/ BHA% 1500mm/ %R 63. 3Kg/ & 180 X 8,

P EE 26r/min-85r/min. HiHIIETHEEE 6m/min,
BRRFETH )7 160KN. 4748 B/ 4342 60M/ & 14mm. A
T N LR &g, A N A, K& LEE
(hREC) 29 9000Kg. HEZEAME R (KX TEXE) A
3000m X 1720m X 3. 05m.

MAYT '™

)
9 (a)SMD750 EUHEHN A4S Rt REE; (b) SMD750 EU4E
M TIEREE; (c) SMD750 EUHEH1iE &8 R f E

3.4.2 RES L

W RUE LA SMD BUBESEAT BEAERT Lo AT, AHOR IS4
Mo R R~ (R 2).

W FIATE RN SMD ZRUATE R 4T B 7E [ B 5 60m 8 B2 1AL
I, PR T 7 L 1) LI TR E X LL 4 AT, AHOR I S0 43
Mg B 10 fioss

ik D FLime0mi T RFe 2RI tiE

‘ =iz L — TR AR SR
A

11.5h

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2 2 23 24 1 2 3 4 5
S S T Y S T N (N Y [N N T N [N SN NN I SN SN SN NN S |

= AR i R i ‘!
! L esgaT26n
E 10 T IR TEAFLEE A 60 KEF, SIEEANELFLE TR
ETFAZIR LR
44

3.5 MASAF

BRI TR e i BRI & Bl
Ja R TIEAE TR N L BB R B, BT 1mm,
T NBER e S - B N AOIERE, (R T T 4l #2134
SiMM A, BT T IR S ORGSR B AL, O 15 e %
BT, PRI TR, B —MTE,
I BRBELE ST L R I S8, RS AT R
TT 58 5 HMEBECRFFCE [F]— b vmr, T T el e bR 4
PGP VA E AR RERS B b, TR R o = AR AT AT AN 355
DURESI AT BR, T BEANAETE RARZE

3.5.1 TMAHLZE

THUTH it T2 R 1 S AT il s PR AT i A it
TG e A R A, e DY 1 e ]

PN ERE SR B AR TR s DRIE TR IE S 22 2 R~ ¢
BT, RPE, HERER R, e Adis)
Jo EBAERRUTRE s AH 2 T R

=~ T -
e HE
AR 551
(a) ) (®) -
1 () BFRATLZFREE: (b BHFEATZE. 3@

3.5.2 WFLAE

V-6 B 22 4 75 B AN L S T B A e BT, I
WM EREE AT, WIS 1~2n, EEFWEN
TEIEAE AL, Ak EsE N TRCRIK UL e — B 24
P o BT — PR AR B AR A R TR T4 B, 7 (8
M EER.

4 FIEH T4

ERERIEFA TG, BF 2.5m a3 47 N 4
P . FETRORR it TR, 75 40 X r Bl T, 4 100m’ it T
—HTIAR

@ ®
B 12 (a2) BIFMEETHEMEZL; (b) kKEEHEHTE
TS XSEEE RTINS L ORE

Copyright © 2023 by authors and Viser Technology Pte. Ltd.



TREBE - 2023 6% 511 @ VISER

Engineering Construction.2023, 6(11)

=2 CEMAEZEF0 SMD BUAEZERYNT L O AR E

e | TEAk | X XFE BT R (i)
| e R e BEARESL, BEAHOT. G2 G0, I
D750 12 Bl HLABURT I, HHTRA b, R 5
s OMFTSE T KD bm, kit 15 3, HFPL B AU 2P, 1
LSRR Hs 5.5
2 il @R, MRS T 50-60r/min, Bt
nrsoy | NPT 00w WFFERKIE 1 Tn, 6 36 15, WPERIANEZR |
B, JRALREHERET, R
F—
3 —i# ;ﬁf; SRR EARPRAL -
BER | (i OWIREREY on, 6 WIIOE, BES T, BRI LERY, | 15
| mEmE [T e WOES 2,00, 21 BIE, U LR R |
B, IR,
| g | R s SAPREITKTEN 2.5~3n, S PR 0.5
D750 18 Bt SETEML HKEL 1o, FHGLRAEE K I
; — FLRER T SRALEGRSF i1 -
SMD750 % 0.5
| ey | TR s SRR LB L5
SDTS0 | Bt BT, BTSN, BUAEIA R O, K, | 3
I R T s SRR LB 0.5

SMD750 4 Bl SEREM, BWKELS L om, RO AERERRK, 1

4.1 LAFESEE

FRd e S, JFARIE 2t L3 R 454 . O T 58 T,
I8 BAERR /NS 8] N R R 107 TR K, LTTRER
TR AT 90 JEH 1] B NCHZ — A URIHK B B W] 42 1) B
HrISHHL

()

E14 (a) KEBERF: (b) BEMF; (o) Hmt

WAEREIZ 26 PR S BN LI B AR R OE K
BRSNS SOk, SHUMITLE . DLRBI ek
o], UG 07 IS4 AR A G YERCR 2 600m’.

4.3 HTEMET

ST B ETIR o Jyds il e S A A DR, it I
R 5 T, L. T a 1 T ITHZ,
S B AT A B2 3 b AR S A iy B 4 B e 72 B Bl AL eV E
BEo FEHTERRSE, TTAGIE 2 Mt T R 45 . R T 454
fiti TP 15

E13  (a) RFIZHEIELTT; (b HERKEFEMLIELEZE
— KB EEN; (O ERENSRHFNEEREEL; (D
UK B R AT HHE A R s i

4.2 BEER+ @
FEAE I Lk R b, (598 B L R 75k, oA SR B 15 (a) —fRSfETIR SNEHIAE: (b) EARRET RAvis
MU FIER 73 L) 14 TR S B (o) B3 STRR S AR B T s

Copyright © 2023 by authors and Viser Technology Pte. Ltd. 45



QS?VBE?

TR - 2023 6% 511
Engineering Construction.2023, 6(11)

4.4 INEH S

BRI GEAT R BT R SRR A T AR 2RO P
K> HBEHE B b e il TS5 20K, #4088 pEAE — 14
st AR T T2, ik, it Il 7 =Mog
MR ki AR5 A0 LSRR 58 A

@ ® ©
16 =MARHRMEITE. () FE—: HNFEHEL
B, (b) FEZ: MR UBRE: (o) AR=. HMFUE
%57

FEEEURAS (LBHRRIE)

© (@
17 (&) =Z#IETR: (b) AE—: REHEERPEDS;
(o) AR=: REEEVRERBER; (d) AR=: TERE
EHEFTH B IR RN AR

PRGNS P TE—

RAETRETH) REAE (LB+HEROE)

W i -
sy 1 N | (8 A i
e 3 e F N .

i ™ h 1

) Sk i | A
: (N i s
4 4
g 4 g
RUSY T 2id >
g
(

PERIRENH-ATFEAZETRS
(b) ©

E 18 (a) AEEEARTAMIEN; (b) REHEVE
BRI R: (o) FURREEHEITHEMRAHRIMAIELER
xf T S B R AR A e DRI R R A

AT, I 8 P ORI [ PR e A R, RT3 2K

RESTLEAIWIRT

46

SERRA. SRS BAU B S AR TR UM ST % R
FEAR—F, e E B IER RS+ R S b R,
BRI N R, S SRR BRI, K
RFABT ) T 2R T HINEET, MR CAER
K505, B AN E] 140t /247 0 AT (BT 7] 548 1k
T J IR i A S P i 7

5 &1t

TE 58 BN SCORZS B PR B3 A i F0i0 [ 2 5, 38
Tk 2 5 4 P it R 15 2 PR B AT B AV it A 75
TR L At A0 A AT A I T IR
i FLREE AT 5 0 /825 18] A ) MTS B9 e 1, (56 755 5 i T
F A AL TR B R A R & T W N
R 7S [E] ) 2 A T IR G2 B - e 46, DA 24 Ak
FE—A” A0 CERZENY 7 SRR S AR, bR
RIEHAR, R T F=EIF R EE .

(&3 3gik]

(1%, APl WA AR T EEME T T Z[J]. LA
#47,2020, 46 (2) : T0-72.
[2] XX er, TR, BB, & AR 83 R R kit
ST J]. TRt I5%E#,2019(13):103-105.
[B1#RA,BEZ, X, TER NEHERTRALA
HEFHLADL £FREAE (KT HZF
AR 2009, 26 (4) : 36-39
I1EKRE. Zo&mEEAERAERA YIS TE + 05 A
[J]. 2 £ T 5 ,2005,8(4) : 33-35.
(5], ik, E XA, & LA 5 T ERE LRI
#x J] L RESAFFH,2018,33(3): 32-37.
(6]EX. *RATHLREN L 2EE& 2T [T]. RIEE
FH A, 2015 (3) : 38-40
[TIR AR, K. RESLA X LTS E T ANA
AT, TREHE A, 2018,45(18) : 73-74.
[8] 18 3%, & IB M ST s & A ath o 5 4T ¥ T8 K [J].
E P & T2 58 A, 2017 (6) : 45-49.
EF A TR (1985.6—), HVER: mE AR AR
AFHEL, BRAFHERALR, HLE, iFELTL: +
AIRE, stIisEfr: PR T _#EW, B4 HAEE,
AR mB IR,

Copyright © 2023 by authors and Viser Technology Pte. Ltd.



