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Three-dimensional finite element analysis of effects of foundation underpinning on
deformation control of existing buildings adjacent to a deep excavation
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(1. Shanghai Underground Space Engineering Design & Research Institute, East China Architecture Design & Research Institute Co., Ltd.,

Shanghai 200002, China; 2. Shanghai Engineering Research Center of Safety Control for Facilities Adjacent to Deep Excavations,
Shanghai 200002, China)

Abstract: The excavation of Dingding Bund is adjacent to an existing heritage architecture. As the pit is as deep as 20 m and
the heritage architecture is only about 3 m away from the excavation, foundation underpinning is adopted in order to minimize
the influences of the excavation on the buildings. To investigate the effects of foundation underpinning on the deformation
control of the existing buildings, a series of three-dimensional finite element analyses are carried out by using Plaxis 3D. The
soils are modeled by using the HS-small model. By comparing the field monitoring and numerical results, it is shown that the
three-dimensional finite element analyses based on the HS-small model can give fairly reasonable predictions of the excavation
deformations and the settlements of the adjacent building. The foundation underpinning can effectively reduce the settlements
of the additional building induced by the adjacent excavation.
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Fig. 1 Plane view of foundation pit
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Fig. 2 Profile of supporting system
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Fig. 3 Three-dimensional FEM model
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Table 1 Information of material properties
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Fig. 4 Vertical deformations of foundation pit at final stage
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Fig. 5 Calculated and measured lateral displacements of

diaphragm walls at each stage
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Table 2 Parameters of soils

( ref
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j:}%' oed E;]f E\ir G(Tf C' (p W y v m R
/(kN'm®) /MPa /MPa /MPa /MPa /kPa /(°) /(°) 07 u /kPa f
@ik 18.2 34 4.1 23.7 94.8 6 283 0 2x10* 02 100 0.8 0.9
©NSITr IrE 17.5 2.8 3.4 19.8 79.1 0 26 0 2x10* 02 100 08 06
@I E; + 16.8 1.9 2.2 13 52.2 3 23.3 0 2x10* 02 100 08 06
O = 17.5 3.1 3.7 21.4 85.7 5 21 0 2x10* 02 100 08 09
Ok 18 4 4.8 28 111.9 6 287 0 2x10* 02 100 0.8 0.9
®; %1 18.1 4.9 5.9 346 1383 5 305 0 2x10* 02 100 0.8 0.9
ORil5E 19.6 6.9 8.3 48.5 194 21 35.1 0 2x10* 02 100 08 09
@, Fi ik - 19.2 10.5 10.5 42 209.8 7 33 3 2x10* 02 100 0.5 0.9
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Fig. 6 Calculated settlements of buildings at final stage
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Fig. 7 Settlements at south side of buildings at final stage

4  ERFEsst B @B bERZ N 2 #r
SRR NAIE 5T F Bl 8 $8 36k 9 /0N 41 30T 28 SR B PR A
Fs AN KR T3 4 4 A% I8 RUR R 3
Rl AT @ 5. TS RRE, BKUIRRAE
TEARMEI VIR AL E, KU N87.1 mm. B4
RICHDURE N L 25 AR 3R, M A B TR
SRR NSRRI K B R AR SR, BRI,
HIA LI VIIERE /155, FEHIGUIRRB/NEI R, &
KUTFEESY BV INAT 9% 142, 7% BB AR EL R,
BARMEAIT LT, PSP R 18, Tik)s
DUBE AR AN/, e KU B8/ N38.8% Ui B K
FA BSR4 A8 25 D3/ N R SR SR A2 5 R 1 AR I 34

*® 3 MM REERER

Table 3 Comparison of foundation settlement

o JFAT R AL B KT FEHE R TRE TR

T H 45 B /mm HEER/ mm H9 /%
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