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Variation of axial force of steel struts in deep excavations

CAO Xue-shan', LU Xin-yu?, GU Yi-ming®

(1. College of Civil Engineering and Transportation Engineering, Hohai University, Nanjing 210024, China; 2. Shanghai Tunnel
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Abstract: The discrete data and unclear variation trend of axial force of steel structs are the important design problems, which
seriously affect the safety and economic rationality of deep excavations. A three-dimensional finite element model for a deep
soft excavation in Nanjing Metro station is established to study the variation of axial force of steel struts. Based on the
monitoring data in the process of excavation, the dual-combination method for the axial forces of steel struts and wall deflection
is put forward to validate the rationality of the model and parameters. The correlation between the wall deflection and the axial
force of steel struts during is excavation revealed. Then, the influences of single- and double-axial preloading on the axial
forces of steel structs, wall deflection and moment are studied to propose the basic requirements of using the preloading axial
force technology to control deformation. The influences of struct erection conditions are studied to expound the reason of the
discrete measured values of axial force of steel struts and the important influences of over-excavation on the safety of
engineering, and to reveal the research significance of hanging steel struct erection. The research results may provide a new

direction for the development of deformation control technology of deep excavations in thick soft soils.
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Fig. 1 Arrangement plan of monitoring in excavation
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Fig. 2 Monitoring results in excavation
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Table 2 Parameters for support structures
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Table 3 Simulation steps of excavation
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Fig. 4 Comparison between simulated and measured values of

wall deflection
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Fig. 5 Comparison between simulated and measured values of
axial forces of steel struts during excavation
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Table 4 Summary of relative errors between simulated and

measured values (%)
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Table 5 Wall deflections of excavation in soft soil area

WX WA HIEREE FFIREH 9/H

/m /m /m /%

BEERT I 34186 0.8 17.28 0.68
BT I8 37.0~43.0 1.0 18.50 1.58
e [19] 5.8 1.0 18.10 0.48
g 14.0 1.0 16.10 0.94
A 24.8~32.4 0.8 16.00  0.50~0.65

B 5 e AAR SCHE B ) R A 2 28 3 i

(D) WL, WL EZIFE, SIE S
A NI B IEATE M A e, i /1224
AT mie N IESCHEE T R BBV E T 45 2R . TTH2
DY T m i, 5 T IE SR N sE s, BE
FEIEGUTZIRBEIE R, SRR, EIHZIR
FE 11 m NG TRAR S s 78 58 =38 SRV ithn )= »
5 = IESCEER IR T2 IR BE ARG, T3 —3E R
AR, BEAFEARTERE, KRR =IE
SCHEXSER TIE SO R T ERSVE; [FRE, fEESVYE
SCEETUING RN SE S, 2R BE K3 0 51 E2 2 DY
TESCHEER 2 Mg N, T . E SR R
FARTEE o THZIERE P & ML SCHE AN [F) i 0 A s
REAEIE SCHE R SENE B B Z R, HA53C
PR BHBR ROR A K -

(2) SR ) SITIZRFEER SRR S - B 5
IS SR DUTEAN SO, RRIE SCH T B S
FN L EIHZREE RGN A K%, HAHSCE
REFo B 7 D95 —— 58 DU AR 4 70 A S 5T
FZIREMR R, ARBUNER IR A .

(3) SCHEERI RN S0 BER I EADL B
O = TE SCHE RN AR T AR OR, B TIE IR, HVYIE
/e B8 RS AR VIE AN SRRl ) A S
PERAALAL 2 T IR SRR T

PRI, A S Al 0 A8 A AR 8L 2% R 2 S P AE 1
By FEGOUTFZIREEAL B T T8 SCHE R H BRI 4552
PRIZ, [R5 0 S 43 ) i A AR ka9

8.0r
@ S PUiEF4
6ol HEHB=IHR
z o @ B 3EF2
g
_E4.0—
ﬂ20— 10 B E
Om;ﬁﬁﬂz&mw
7 8 9 10 11 12 13 14 15 16
TS /m
7 MM AR ERIESFISRENLER

Fig. 7 Relationship between axial forces and sum of that of steel

structs and excavation depth
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force

R 6 B FBWMIETMM IR IE NS
Table 6 Influences of preloading of struts No.2 and No.3 on axial

force
st TG SRS o FiR &y et
/KN /KN /KN /KN HhJI/kN
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HEI F=E 1600 1701 2800 2800 1543
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HIE 3000 2014 2806 1988 2313
FTRI H=1E 3000 2499 3340 3340 1543
FEIE 1050 968 1182 1182 1951
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Fig. 11 Comparison of wall deflection under different preloading

axial forces of struts No. 2 and No. 3
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Fig. 12 Comparison of wall moment under different preloading
axial forces of struts No. 2 and No. 3
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Fig. 14 Variation of axial force of steel structs under different
erection conditions
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Table 7 Maximum axial forces of steel struts under various

erection conditions (kN)
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Fig. 15 Wall deflections under different strut erection conditions
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Table 8 Maximum wall deflections and moments under different

strut erection conditions
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