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Application of hardening soil model in deep excavations supported by
pile-anchor and pile-braced composite supporting structures
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Abstract: Based on the hardening soil model, a deep excavation supported by pile-anchor and pile-braced composite supporting
structures is analyzed. The excavation is located in the downtown of Kunming City, and the surrounding environment of the
deep foundation pit is complex. The associated parameters of the hardening soil model are designed by consolidated-drained
triaxial compression test and consolidation test. Then three-dimensional finite element analysis of the excavation during
constructing and supporting processes is carried out using the software of MADIS/GTS. The results of finite element method
are compared with the measured data and the calculated results of m-method. The comparison shows that the hardening soil
model can be adopted to analyze the deep excavation supported by pile-anchor and pile-braced composite supporting structures.
The real deformation mechanism and regularity of foundation excavation can be obtained by using the hardening soil model.
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Fig. 1 Yield surface of HS model in principal stress space
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Fig. 2 Relationship between axial strain and deviator stress of soils
under consolidated-drained triaxial compression test
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Fig. 3 Vertical view of excavation and its surroundings
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Table 1 Soil layers of deep excavation of buildings
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Table 2 Physical and mechanical indices of soil layers in deep excavation of buildings
TR y/(kN'm?) ckPa @/ ) K(x*10°cms') E/MPa E /MPa EX /MPa E¥ /MPa
AT ZO 17.0 15.0% 5% 4.81 3.41 3.75 3.75 11.3
wHE@ 19.3 30.0 9.5 159.01 8.87 8.87 8.87 26.6
1 EO, 18.9 48.4 10.1 12.03 6.89 6.89 6.89 20.7
wHE® 19.9 33.9 10.7 84.53 6.90 6.9 6.9 20.7
R IZ®), 21.0 0% 25.0 100000* 15.0 15 15 45
MR 1T EG, 20.0 34.7 9.2 13.87 7.03 7.03 7.03 21.09
[R5 2@, 22.0 0* 30.0 100000* 25.0 25 25 75
HTE®, 18.7 48.4 7.3 16.23 5.52 5.5 5.5 22
wHEG® 19.3 33.1 19.5 79.47 12.04 13.2 26.4 79.2
MR E®, 18.4 412 6.7 46.85 6.22 6.84 13.68 54.72
HLE® 19.1 56.6 10.3 20.32 12.9 13.41 26.82 80.47
HLE® 19.3 65.8 11.1 13.55 12.63 13.1 26.2 78.6
wTE@, 19.8 49.2 19.1 79.66 14.03 14.59 29.17 87.52
0w E® 19.4 60.3 13.0 20.11 13.5 14.04 28.07 84.21
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Table 3 Parameters of supporting structures for excavation PR 32 me A% 900 mm. [8]FF 200 mm [{] = &
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Fig. 4 Floor plan of supporting structures for excavation and

monitoring sites
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Fig. 5 3-D FEM of excavation and its surroundings
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Fig. 6 3-D FEM of supporting structures for excavation

FEKE 5 B 6 1, BARBIR RSO 215 m K
Bl X200m KPLED) X60m (R, bk
MISAARRTE, SRR, WNSCEE. TER. RIS AER
IR TT, SRR IC (AT, S
BE ASCHE. R EERRFISIAEATEL R C35 AN TR
+, B 2500 kg/m®, HPEREEN 31.5 GPa, 1A
e 0.25, HERFEPERIR 195 GPa, AL (5
bJR S YU S R S IR A BT
17100190 NHIE, 97199 5 4.

4 RIS TE

7 RERETREREGUITHZ S 58 I 1 = 447 BTG
ST EA R R, BT () N FEGUE IR K 1)
PR = T AR B 7 (b) A7 (o) 73931
N SCYHERZE X J7 10 F1 Y J7 0] KA AS = A R TT
AR BT (D) W SCEE ) =47 BROGTH S 4
Ry BT (o) AR =T RoTiH HE R,

' DISPLACEMENT
UNITanm)

.+ 435022-001

#305529e+001

24, +26245724001

+2183848+001

a
28%

DISPLACEMENT
DX

B UNT(mm)
3, +5/09252e+001
+451177e+001
o 3831028001
5 33502624001
i +27695104001
+2.18876e+001
+160801e+001
+1.0272584001
+4 4650024000
76| :}-I 342520+000
3 B%W? 15005e+000
-1.295766+001
-1 67651e+001
24572684001
-3.03801+001

:“’ -351877e+001 1<:
41995284001

(b) SCHFHEREXTT KPS =4H ot B4R

DISPLACEMENT
oY
. UnT(nm)
3 g +482916e:001
42983724001
437675684001
[ 32367884001
= ia: 427080084001
[ s27s21es0t
[ o s2ee0t
e +1.11364e+001
i i 5 2870
[ s 20500001
[ {oow s1ert00
[z oueszenant
e -1.54031e+001
< g 20711084001
355 20018864001
g -31326784001 k

SE.3.66346e4001

() XPHRBEYTAKPAB=RF RO HEER

1D ELEMENT FORCE
BeamTruss Fx
UNITGN)

T 185128500002
S 5 07Ber002

%
42889164002
8% 7 s01e0ev002

20313484003
23516264003
-26719184003
29822064003
-3:3124984003
-363276e4003
-3.95307e4003
42733664003

k

1D ELEMENT FORCE
Beam/Tn
UNIT(kN)
+4.2717284002
0.4%
+3.93932e4002
T4%
+3 605924002
432745284002
+2.8421 284002
+2,6087284002
422773384002
" +1.94493e+002
+1612538+002

-1.046662+002

(e) HRMA=HAMITIHHLER
B 7 EMAEIIP TR =HEBRTITIHTESER
Fig. 7 Floor plan of supporting structures for excavation and
monitoring sites
oy W G BEHRE DT = YA PR TT o3 B 45 R i HE R

P, Bk RIS R 2 SRR HEGBIRDTSC I S B HCR
) m AT &1 8 Oy 5-5 TN 8-8 | AT A
AR B AL ST BRAR 2 KPR — 4 IRt
Wrgs RS m s R, TR SIS B b 1 o«
9 243" 2 PARHLA 6 JAAL T (E (K HES TS R K
LR A BRI A R m RV A R TR
W45 R RS Dl o

0-

5L

—— BT HER
—— ZREHRTH LR
—a— SPILER

—_
o
T

HFGTUES/mm
58 a

35r- -

0 2 4 6 8 10 12 14 16 18 20 22 24 2 28
BB TR S/m
() S-SHTHI AR LB



$ T 2 W, % B2 B AL 2 S R TR (5 61
’ . VB4 R S R LA
¥ o SEARTH AR F 4 WIEBNTNERSHHITERI LR
é 10 —— AR Table 4 Comparison between calculated and measured results of
[5%1
% 15+ axial forces of supporting structures
3 Sl mik ARG W
201 o f; K m
SR /KN /KN /KN " s
Br s N2 98686 1017 -1040 103 105
3002 4 6 8 10 12 14 16 18 20 22 24 26 28 3032 e NL3 71436.00 -2037 1300 1.42 091
BEEEYLAIERE K FHERS S/m NLS -797.56 -1043  -719 1.31 0.90

(b) 8-SHITHESLALMRIE IR
8 EHIRENMRE G

Fig. 8 Ground settlement around foundation pit
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Fig. 9 Deep horizontal displacement of retaining piles
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Table 5 Comparison between calculated and measured results of

axial forces of supporting structures
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Fig. 10 Photo of completed excavation
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