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Investigating the strength of foundation pit bracing structure with active
control of axial force
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Abstract: The servo steel strut can control the deformation of the foundation pit by actively compensating for the lost axial
force. Although it has been widely used, there is little research on the strength of the bracing structure that it acts on. Based
on the principle of mechanics, the incremental method was used to calculate the strength of the bracing structure under
different axial forces of the steel strut, and thus, the changes in the bending moment and shear force of the bracing structure
were obtained for different working conditions. Based on the foundation pit of the No. 2 entrance and exit of Shanghai
Pudong South Road Station and the foundation pit of Pudong South Road Station, numerical simulation was carried out
using Plaxis 2D. The internal force distributions of the bracing structure were obtained under different working conditions
of increasing the axial force on the servo steel strut and axial force combination at the ultimate load state. When the axial
force on the servo steel strut increased, the bending moment on the soil side of the bracing structure gradually increased,
but the bending moment on the excavated side first decreased and then increased. Meanwhile, the shear force first decreased
and then increased. Neither the maximum bending moment nor the maximum shear force exceeded the bearing capacity of
the diaphragm wall. The results also suggested that the number of steel reinforcement at the excavated side of the diaphragm
wall needs to be increased accordingly while the axial force of the servo steel strut increased. Some of the working
conditions in the ultimate load combinations of servo steel struts exceeded the design limit of the diaphragm wall. The
beneficial effect of the servo control system cannot be always achieved by simply increasing the axial force.

Key words: servo steel strut system; strength of bracing structure; internal force of bracing structure; numerical analysis;

ultimate bearing axial force; active control; foundation pit engineering
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Fig. 1 Schematic diagram of the structural bending moment

YU

and shear force induced by the axial force of the first
servo steel strut (only considering the effect of axial
force)
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Fig.2 Schematic diagram of the structural bending moment Fig. 5 Schematic diagram of the structural bending moment
and shear force induced by the axial forces of the first and shear force after the soil above the first servo steel
two servo steel strut (only considering the effect of strut is excavated (considering the combined effect of
axial force) axial force, water pressure, and soil pressure)
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Fig. 3 Schematic diagram of the structural bending moment
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and shear force after the soil above the first servo

steel strut is excavated (only considering the effect of

water and soil pressure)
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Fig. 4 Schematic diagram of the structural bending moment

and shear force after the soil above the second servo

steel strut is excavated (only considering the effect of

water and soil pressure)

Fig. 6 Schematic diagram of the structural bending moment
and shear force after the soil above the second servo
steel strut is excavated (considering the combined
effect of axial force, water pressure, and soil pressure)
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Fig. 7 Schematic diagram of the structural bending moment

and shear force after the axial forces of the first two

servo steel struts are increased
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Fig. 8 Variation of bending moment and shear force of the
bracing wall under working condition 1

bracing wall under working condition 2
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Table 2 Parameters of the soil model

EN=EY S 9/(KN/m?) c/kPa @/(°) Ko EJMPa Eso/MPa  Eu/MPa
OWH- R OB T F L 18.2 20 17.5 0.47 9.7 9.7 48.5
©IWIENSEYiE il 17.5 12 19.5 0.46 9.2 9.2 46.5

@ Kb Fip 1 18.6 6 29.0 0.45 7.5 7.5 37.5
@R FE L 16.7 14 12.0 0.58 21.6 21.6 107.8
GIWIER i) 18.0 16 17.0 0.54 5.8 5.8 28.8
OmRS-HEH ORI L 19.5 46 16.0 0.46 8.2 8.2 41.1
D12 B - K RS TR 1 18.5 2 315 0.37 13.7 13.7 68.6
@ki» 18.8 1 33.0 0.34 25.3 25.3 126.6
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Fig. 10 Section of the foundation pit of the No. 2 entrance of Pudong South Road of Shanghai Metro Station
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Fig. 11  Section of the foundation pit of Pudong South Road Station of Shanghai Metro
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Table 3 Limiting bending moment of the diaphragm walls

300 - A AR PR S i/ A PR 25 R/

hLE/52 s (kN-m) (kNm)
VAR A B 2 S HIND

i 1 690 2595
TR R A R S T T Bl 2 684 3704

F 4 HTEEIERIRE %
Table 4 Limiting shear force of the diaphragm walls

A VoAl PR B F3/kN
VR 2R T I 2 5 HYON 1 BT b 1 2472
TF 7R T I R T M 1 3132

x5 WIERRIANE

Table 5 Limiting axial force of the steel struts

B/ S SR PR %M /KN
TR TE 3 2 5 N O R s, 44 974
T 25 T o I M B 44 362
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Table 6 Axial forces applied to the struts for the excavation of No.
2 entrance and exit of Pudong South Road Station =~ kN

o 60% 80% 100% 120% 140%
BB wy  wh wh wA EH

B EMNSCE 262 350 437 525 612
2 M 330 440 550 660 770
53 IENSCE 349 466 582 699 815
54 ENCHE 395 526 658 789 921

R7T HFREBGENTERN R
Table 7 Axial forces applied to the struts for the excavation of
Pudong South Road Station kN

60% 80% 100%  120%  140%

BLEILD w  my w WA

B 1ENE 323 430 538 645 753
B2 IEMNEE 342 456 570 684 799
3 IEMEE 509 679 849 1019 1189
54 EMSCHE 298 397 496 595 694
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Table 8 Maximum internal forces of the excavation of the
entrance of Pudong South Road Station No. 2

T 60%  80%  100%  120%  140%
EALER wgy wmon b HH )

34 = K A7
L5 5H/(KN-m)
K IE
BH/(KN-m)
34 = A 5 K A7
BY S1/kN
K IE
BY JI/kN

477 —744 =795

-1011 -1167

872 974 1050 1111 1241

-346 456 -580 =710  -829

139 190 241 298 351
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Table 9 Maximum internal forces of the excavation of
Pudong South Road Station

A . 60%  80% 100%  120%  140%
231

W #id W LA iV
RSN -888  -821 -1012 -1267 -1591
3% /(KNm)
EER=FNIS 1398 1256 1132 1066 1083
254 /(KN-m)
300 -] £ K AR 352 386 453 629 710
57 71/kN
M KIE 482 506 551 534 624
5 /1/kN
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Fig. 13 Case 1: Bending moment envelope of the bracing structure
under 60% to 140% of prescribed axial force
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Fig. 14 Case 1: Shear force envelope of the bracing structure

under 60% to 140% of prescribed axial force
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Fig. 15 Case 2: Bending moment envelope of the bracing

structure under 60% to 140% of prescribed axial force
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Fig. 16 Case 2: Shear force envelope of the bracing structure
under 60% to 140% of prescribed axial force
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Table 10 Working conditions for calculation
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Table 11 Case 1: Maximum values of internal force under
different working conditions when the axial force
combination reaches the limiting value

BN ERf- o N S Ry NS R Ry N Sy NS
s TN IEBTIKN B HE(KN-m)  ZHE/(KN-m)

1 -620 745 —2 284 1409
2 -461 621 -1157 1169
3 -420 590 -1062 1060
4 -417 632 -1 847 1155
5 -373 556 -1 003 946
6 -325 395 =795 848
7 =792 1264 -2 805 1812
8 -802 1141 -2384 1531
9 -679 1145 -1758 1448
10 -741 1267 -2385 1544
11 792 1338 —-2770 2000
12 -636 779 -1737 1394
13 -627 783 -1766 1137
14 -615 772 -1195 852
15 -712 662 =777 1096




%2 M

VAR, S T BhE A 0 T S GT R 45 SR BRI 7T 141

F 12 £H2: WRMAWBETELARANEKER
Table 12 Case 2: Maximum values of internal force under
different working conditions when the axial force

combination reaches the limiting value

b1 1559 N e 1175 N 2 1 53 N7 = e o8 5 NI
BT JIKN  IEBT /RN ZE/(KN m)

255/(kN m)

1 -830 1164 -3 500 2184
2 -664 1234 -2 554 2 068
3 -878 796 -2515 1368
4 -824 1091 -2 050 1321
5 -813 814 -2 075 1061
6 -1 145 1053 -1870 1192
7 -766 1153 -3168 1720
8 -796 1163 -3185 2008
9 -915 805 -2 423 1390
10 -972 1145 -2 050 1095
11 -894 1154 -3168 1471
12 -712 774 -2 700 1953
13 -745 813 -2 406 1839
14 -1 005 945 -1517 997
15 -913 658 =750 1259
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Fig. 17 Case 1: Bending moment envelopes of the bracing

500 1000 1500

structure under various working conditions
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Fig. 18 Case 1: Shear force envelopes of the bracing structure

under various working conditions
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Fig. 19 Case 2: Bending moment envelopes of the bracing

structure under various working conditions
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