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Deformation control techniques for existing buildings during construction
process of basement
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Abstract: During the construction process of basement beneath the existing buildings, no matter what kind of construction

method is applied, it is inevitable to induce the subsidence, sloping and even crack of the existing buildings on the ground, and

it will influence the safety and routine use of the existing buildings. With regard to the construction characteristics of basement

beneath the office building project of China Industrial and Commercial Bank and based on the investigations into the existing
building structures, surrounding environment, construction conditions and operating space, the static bolt-pile deformation
control technique is proposed. In order to ensure the safety of the upper structures, and considering the pile-soil-structure

interaction, a 3-D numerical analysis is conducted in order to determine the reasonable pile-length and pile-section. The

monitoring results show that the settlement of the structures during the construction process is in good accordance with the
structures are in the range of allowable safety.
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calculated results. The deformation control technique is reasonable, the construction measures are appropriate, and the
numerical simulation
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Fig. 1 Schematic diagram of basement construction
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Table 1 Physical and mechanical parameters of soil strata

+EAH BES EE/(KNmD) 558 )1/kPa WM/ ) IE4BiE/MPa FLBR L KA Y%

AN THI+ 1 17.1 12.0 15.4 2.03 1.425 43.4
W+ 2 18.7 6.0 24.9 11.71 0.808 27.9
Wb 3 18.9 4.4 27.0 17.25 0.757 26.5
it 4 19.8 38.4 14.2 9.32 0.682 24.0
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Fig. 2 Schematic diagram of static bolt-pile
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Fig. 4 Excavation of soils beneath foundation
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Fig. 6 Section of strengthened independent foundation
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Table 2 Parameters of floor, pile, column and beam
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Fig. 10 Effects of pile length on settlement
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Fig. 13 Tensile strain of structures

.101E+07
503982 151E+07

202E+07
252E+07

302E+07 403E

g +07
353E+07 A454E+07

14 MYINKIRZ A
Fig. 14 Tensile stress of structures
MU EEEE R LU i 5 RS 0 45 ) B n
JIFELCBUN, A5 1 MPa LU, Bk SR e $T
RIom L WSS AR RSB A ] (R Skttt
By Plef €30 R AR AR s it AR G 1 £
PR E, TR SR N IR T .

4 TRAZHERS

N T VPN A TEEE IR, R S R R R4 i
T, Xt T AR HEALA R . YT 45 KT
RERSHEAT T a0 . 115 Ay sl o P i A 5 1 o
4.1 MNLERSHHR

f 16 v LAE e BEEAE IO A7 B 38050, P
AW SR YTNE ), MBEE 1~6 mm 2 (8], M
AP Rt R A A W AT 5, A TR 5 mAb, I
KA A 5.22 mm.,

A (et kRt TR TRy 1Y, — gk

DU ik i KIKPALAZ SR VRECA 0.14%H . HEVERE
PN 10 m, S KIS SRV 1.4 cm; TRE
o R4 S5 A8 B KAPAL RS S VF(E ) 5.22 mm, /T
MV FEVFE

A2 A3 A4 A5

A K R S w0
A B MO RE SR TR W 7

23,/ 2854 68 43J410
18 19 202123752 53 55 44
5150 494847 46 4
am mn | [ ]

A17 416 415 A4 ‘g

412

15 TiRRIAEN S TEhEE
Fig. 15 Arrangement of monitoring points
Xt B R PR KPR 2 S B B e ] A TREAR
G T BT AL

B &5 K AL /mm
0 2 4 6 8 10 12 14

— IEfil 5316
—— Wl £ 17

16 E 41 E P EHK TR

Fig. 16 Horizontal displacement of foundation pit

H1E 17 AT U HESSBERIDORR AR, e KT
B 27 mm. MRHE CRHESUBIEIEA B THRE) 1
MRLE, ERYRIHEER AL, ADK T BT f
VHE. 2 ZEMHERREE, AW IERIDIRE 2 fAVHE
90.005L (L AL, SRR 7.5 m, FHATAE
FEPTRE 22 SRVAIEN 3.75 emo AHABAT I 2 [A] ¥ B KT B
ZEK 24 mm (Z46. ZA5), /NTHEISRVi(H.

600
550
500
450
400 +
350
300 -
250
200
150 -

100 -

50 1

500 600

1
700 800 900 1000

17 HEZRAEIRE

Fig. 17 Settlement of columns



1920 a5 oE L OB ¥

2013 4F

4.2 HELIHSRMALTE LR

MBS A, Bl v A A HE AT DR e 5
AE P 7R (AT O — 8. R T9RT LA
A S RGP G5 R K- RL R A L SENUE A W)
o WA T2 DL, S5 TRE TSR SE i
HREHCE EAE S8 (HEPTR7R A AL
A8 BRI, DY R

RO BT A E M N IL 5 I T BRIk
{1, RHHUEDHEERATT . VL2 XA
DR it TR T TP, BT I R B R, %
PR ARG R - b - SR AR,
gikre i TRORKDIRE . FIERE - - SRR E A
Hs IR G4 B0t B AT S TR R s, 1B T
A BT I AT

0 -
_5 -
g -10}
&
E -15 - L
2 ~o— STWIE
B o-20p
_25 -

-30 1 1 1 1 1 |
745 756 758 759 761 762 732
Wi B

18 HEZRFEMFEIT EESSTNER L

Fig. 18 Comparison between calculated and measured settlements

of columns
0
E 5
® = 5
< ~o— STWIE
=
510
15 1 1 1 ]
0 2 4 6 8
KL mm

19 EHEHFERERITEESSTNER
Fig. 19 Comparison between calculated and measured horizontal

displacements of foundation pit

5 &

ASSCEE X A TR ARAT R A R BT
Fe, ARIEII N, 455 = 4EEUE e Ml e,
WFFL T AT S BE R AT SRR AR O, 284k iR
LU

CISR AT s BEFE AR BOARAT Red2 ) 7 A TR

WA S AR TE, BRIIE T EAEi 2 as; MifL e b
G HEPE L LK SEST T S bR 5, 14k
A AR B B R A0+ SRS K U E SEBOR
Inai TR R IR B A, 3 S ™ A e AR o

(2) JRNL T =4y, SCHL T % EHE - - i
FHEAE A T RE BB R b 7 R 24
—HEKAEARRS DAL ST, R T & H AP
ZaLkyi% TN Y7 A T B v e g AP stiio] )
ISy WA s BAERHUES RN kT bk
BORGEARAT IO FE IR AT £ A A2

(3) BEIMETREN] : TG 25 M AR 5
Ny BEAT S RAEZRAE DR . DR =0, ARG
MUETE N A I ME S5 TS R s (KA
O —2, R TATR ZHE G 3. T
A3, B LAREAT G5 R R AR R DT RE AN AL T

SE K-

(1] 4RHT L, KA, DR, 55 HUBRE I BEIE 28 7
HENEEAL P S BREBOARBTTE ). A TRESHR, 2012,
34(7): 1217 - 1226. (XU Qian-wei, ZHU He-hua, MA
Xian-feng, et al. Pile underpinning and removing technology
of shield tunnels crossing through group pile foundations of
road bridges[J]. Chinese Journal of Geotechnical Engineering,
2012, 34(7): 1217 - 1226. (in Chinese))

21 % ¥8, Bz, mORE A BERL ROV AT i A AL
PEMIE[T). A&t Ju%%, 2004, 25(7): 1171 - 1174. (LI Tao, BI
Zhao-yun, GAO Da-zhao. Foundation treatment using jacked
archor pile with composite pile design concept[J]. Rock and
Soil Mechanics, 2004, 25(7): 1171 - 1174. (in Chinese))

(31 B4 ok, T, K F. BT S BEBORCERE A @)
BB S AR KR []. 5 2 00%, 2009, 30(7): 2053 -
2057. (JIA Qiang, YING Hui-qing, ZHANG Xin. Numerical
analysis of settlement difference for pile foundation
underpinning for constructing underground space[J]. Rock
and Soil Mechanics, 2009, 30(7): 205 - -2057(in Chinese))

[4] RFEAE, WHT, 7%, AR BB S S AU R R
BAERATIL[T]. A T TR, 2011, 33(3): 441 - 448.
(WU Yong-hua, XIE Xin-yu, YE Jun, et al. Numerical
simulation of piled raft foundation of super-tall buildings
crossing metro tunnels[J]. Chinese Journal of Geotechnical
Engineering, 2011, 33(3): 441 - 448. (in Chinese))

(51 B, JA A, skoigs, & ) UALBIALE -S4 A B
PR R B e T 0] o B TR AR, 2001, 23(6):
672 - 678. (LIAO Xiong-hua, ZHOU Jian, ZHANG Ke-xu,

et al. Application of generalized freedom method to the



10 #

SCRUCC, A R 2 R B AT S5 M A TR P R BRI 9T 1921

analysis of soil-structure interaction problems[J]. Chinese
Journal of Geotechnical Engineering, 2001, 23(6): 672 - 678.
(in Chinese))

(61 T &, BN, B 2N, & AR U R T T
BEAE X T (0], 1002, 2004, 30344 T 2): 550 - 556.
(DING Zhi, WEI Xin-Jiang, WEI Gang, et al. Numerical
analysis of surface settlement induced by shield tunnel
construction of adjacent structure[J]. Rock and Soil
Mechanics, 2004, 30(S2): 550 - 556. (in Chinese))

(71 1 3, % 7, JUAUK. R BRI = Y
BUERERL HTI]. A 012, 2005, 26(12): 2015 - 2021
(HU Qi, JIANG Jun, YAN Xi-shui. Three-dimensional
numerical simulation analysis of settlements of buildings on
soft soil[J]. Rock and Soil Mechanics, 2005, 26(12): 2015 -
2021 (in Chinese))

(8] T HAF, Falte. YRARGUM X BBl (128 T 5 Je 4%
FIRFIT[T). BARTRRSAR, 2012, 45(7): 155 - 161. (DING
Yong-chun, WANG lJian-hua. Influence of deep excavation
on deformation of elevated bridge foundations and
countermeasures[J]. China Civil Engineering Journal, 2012,
45(7): 155 - 161. (in Chinese))

[9] DING Y C, WANG J H. Numerical modeling of ground
response during diaphragm wall construction[J]. Journal of

Shanghai JiaoTong University, 2008, 13(4): 385 - 390.

[10] MM, FZEM0. Jebb vk AR D (¥ dh 23 A (3], & -0
T4k, 1996, 18(3): 87 - 90. (ZHAO Ming-Hua, WANG
Ji-bo. Pile into account the buckling analysis of friction[J].
Chinese Journal of Geotechnical Engineering, 1996, 18(3):
87 - 90. (in Chinese))

[11] 5Kk, B MK, Mg, FET Wieghardt R AR FEA 2 M
ST, & TR, 2010, 32(% T 2): 9 - 12. (ZHANG
Yong-xing, CHEN Lin, WU Shu-guang. Stability analysis of
pile on a Wieghardt-type elastic foundation[J]. Chinese
Journal of Geotechnical Engineering, 2010, 32(S2): 9 - 12.
(in Chinese))

[12] GB50007—2011 EFLHIFEREAL BV FVE[S]. dbat:
A TP AR AL, 2011, (GB50007—2011 Code for design
of building foundation[S]. Beijing: China Architecture and
Building Press, 2003. (in Chinese))

[13] GB50010—2010 JR#E - &5t B THRELS]. Jbat: b [ 3R
Tk Hi bk, 2010. (GB50010—2010 Code for design of
concrete structure[S]. Beijing: China Architecture and
Building Press, 2003. (in Chinese))

[14] SZ—09—2000 bifEihhEbt TR TAURES]. Fifg: I
B TR R, 2000. (SZ—09—2000 Specification
for excavation in shanghai metro construction[S]. Shanghai:
Shanghai Municipal Engineering Administration Bureau,

2000. (in Chinese))



