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Study on mechanical characteristics of deep soil-covered supper-span open cut
tunnel under different unloading measures and deformation prediction of lining
structure
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Abstract: In order to find out the unloading method that can effectively reduce the internal force and deformation of the
super-span cut-and-cover tunnel in deep overburden, the unloading effect of EPS slab and concrete column used alone or in
combination is studied through model test, the unloading mechanism is found out after analyzing the soil pressure, internal
force and displacement of the lining structure, and the safety of the lining structure is evaluated by using the damage stage
method. Based on the principle of multiple linear regression, the displacement prediction equation of the weak parts (vault and
haunch) of the lining structure is obtained. The results show that the earth pressure will be concentrated on the top of the
cut-and-cover tunnel without unloading measures, and the combination of cut- and-cover tunnel with concrete columns can

reduce the earth pressure around the cut-and-cover tunnel to the maximum extent, and the average vertical and horizontal earth
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pressures can be reduced by 40. 01% and 79. 34%, respectively. However, this kind of unloading measure will greatly reduce
the horizontal earth pressure and weaken the constraint effect of the soil on the lining structure, resulting in the internal force
and displacement of the lining structure can not be reduced to the minimum. When the EPS is only laid on the top of the
cut-and-cover tunnel, the horizontal earth pressure can be increased while the vertical earth pressure is reduced, and the
constraint effect of the soil on the lining structure is strengthened to achieve the optimal unloading effect. After the completion
of filling, without unloading measures, the displacement of the top of the cut-and-cover tunnel is 29. 15 mm, and the bending
moments of the crown and haunch are 4111. 88 kN - m and 3988. 51 kN - m, respectively. After laying EPS board on the top of
the cut-and-cover tunnel, the displacement of the top of the cut-and-cover tunnel is reduced by 50. 15%, and the bending
moments of the crown and haunch are reduced by 77. 48% and 75. 71%, respectively. And compare with other unloading
measure, that measure can effectively improve the structural safety. Taking the earth pressure as the variable, based on the
principle of multiple linear regression, the maximum and minimum errors between the predicted value and the actual value of
the displacement are 7. 30% and 0. 28%, respectively.The displacement prediction equation can be effectively applied to the
study of unloading measures and the optimization of unloading parameters of super-span cut-and-cover tunnel in deep

overburden soil.

Key words: deep overburden; extra-large section; unloading measures; unloading mechanism; damage stage method; multiple
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Fig. 15 Safety factor of key position of lining structures
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FR) EART 145 it PTG RO R AT ) 5 A T S5 B (R TR 44t
B At X T iEA Mz S, iRait
ZEE T AR
3.5 M)A TN
3.2 M 33 AT ARRY], A EIEA T,
TR S e N 70 5 i B 1) 1 J6 ) AR -P s
TIBUE R /INFLERI B 16 St i i & Bl K 71 5
SERALRE RIORZ I . T RIBE AT SR R AR
gErEgS AL (HETALR D, BN DD 5
SR ga) = He g O AR KSE K ) O 2 TR G &7
ASCHREELT T 1~ T80 4 1R SR & 4dE (L
®3), JEEET Z e RIH R RS 1A A 45
FIBIL A O A O it TR A2 Dy 3 (5)
ALK 0 (6).
D, =0.0784490, —0.045990, —6.34507 , (5)

D, =0.0234780, —0.012530, +2.24389 . (6)

FAZ (5, (6) FrfSata f HL IR HE g A B
RS TR Je FAR Z 4 4 Fios, WE A4 TFTLIE N,
PETTURI AT A7 B () S B 5 T FEAAR [R), 3 ()
RKIRZEN 7.30%, H/MREMNN 0.28%, XKF
R (5), (6) ATFEAUERTRIASF 5 S 1 F T 4
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Fig. 16 Diagram of load and deformation around lining structure
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Table 3 Average earth pressure and deformation of lining

structure under different working conditions

SRS Tl T2 L3 T4
Ov/kPa 55176 37033 32006  331.02
OvkPa 171.17  171.01 95.93 35.37
Dy/mm 29.15 14.53 14.87 17.71
Dymm 13.16 8.39 9.23 9.20

& 4 WSRO IRE

Table 4 Displacement prediction and error of lining structure

PETHA7 5 /mm HPEIEAT 5 /mm

KB T R KB o RE

29.15 29.07 0.26% 13.16 13.05 0.84%
14.53 14.84 2.13% 8.39 8.80 4.89%
14.87 14.35 3.49% 9.23 8.56 7.26%
17.71 18.00 1.65% 9.20 9.57 4.02%
:l: ~
4 21: 1@

AL T4 K WA TRV T =,
RO ARG, BF T 1 AN TR S It R s
FIMIEHIZLIE LA A 1, A B BAE AL 1A
EIFF T T ATIISS A At R T2 Ju ik Rl R
HORAS T AWM g AL AL 5 £ IS IR R, &
BAFBILLR 5 M4,

C1JE ST 8 e B R TS 2 th BT 1) - s
PR, EPS HUMITR B A 45 0 1 i B ik 4
A, YT RTASIRIRE BE i N W Jol Bl s 77, 9 BT
HE PG . WY TR P4 e EPS AR5 P
A3 E R AL AL A A 7 U RE BRI EE DN ]
bV = B o S P 2 o [ 1 Nl w78 o T R
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40.01%, 79.34%, tunnel based on DEM][J]. Arabian Journal for Science and
(2) B K K 1R L R S5 AR T, Engineering, 2022, 47(10): 12729-12743.

IR TR B EPS ARCATZERIE L ifoR B4, B BTRT 2] sklk®h, BRORE, FGE, S SR T mUnRiE

(1) e # BIRRIR PN, 98¢/ 0N 8 e - i S i ) [
I3 KK = T 3, A 45 M AR TR B 2
WA . ARG, TR a8 it i B HE T A
29.15 mm, VA TG4 % EPS M L IAL B N T
50.15%. ¥ EPS # FiR#&E LAL4 A s 775X, 78
P50/ BRI T3 3% ] = o 7y B0 7 [ g thgisic /0 7 BRI 0] i
KAV 3R, Ao R A R AR T S T Bt 52 2 SR AE
AN TG K

(3) BETTURNHE TR A ) 45 44 T 55 500, T B $
Jiti B, BE b far #O1E R HE TR HE A, B AN
4111.88, -3988.51 kN-m, 74 % EPS s,
PTG HE A B 125 53 70 925.82, —968.72 kN m,
SRNENT 77.48%, 75.71%. 14 EPS HORIREEE L
FELH A R AT 7 2000 o] A RN HE TR L 2 4, (R
I8/ N 55 AN B ANCLE B T 1 EPS AR

(4) A ATERAE TR & R B LR
H35) b6 5 T L R R R RS N e g ek N S G g kN, 7
BF R TR 152 EPS AR ] A RUCHE Ao D145 4 T 950 22 4
RE, 7 T B AT IS5 2 T

(5) AFRNEERITE AL T 7 FE T AL RS Tl
WA 5 SE PR e KR ZE N 7.30%, f/MiRZENH
0.28%., i & T J7 72 v] A 24 S TR 78 LA KIS B
IR T e SR A7 4 Tt A 7 % S ff AR AL
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