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Model tests and numerical simulations of earth pressure for unloading
structures of high fill open cut tunnel
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Abstract: The influence laws of earth pressure and soil displacement for different unloading structures of high fill loess open
cut tunnel with the increase of filling height are studied through the model tests. The results show that the friction resistance of
slope, the soil arch effect of low compacted soil and the geogrid effect can reduce the earth pressure of the open cut tunnel, and
the unloading rate of low compacted soil and geogrid is the largest. Under different unloading structures, the distribution law of
earth pressure on the top of the open cut tunnel is also different. Within the scope of 1 times the width, the earth pressures of
SYO0 and SY1 are approximately in trapezoidal distribution. Within the scope of over 1 times the width, the earth pressures keep
unchanged, and are approximately in uniform distribution. The earth pressures are basically consistent in the scope of the
central axis to 0.75 times the width, and they increase at first and decrease later within the scope of over 0.75 times the width.
Based on the numerical simulation analysis, the test and numerical results are basically identical. Finally, the formation
mechanism of soil arch effect is discussed so as to provide a scientific evidence for further researches on the unloading
technology of the earth pressure of the high fill open cut tunnel.
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Fig. 2 Arrangement of model test schemes
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Fig. 4 Variation of coefficients of earth pressure on top of open cut
tunnel with fill height
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Table 2 Coefficients of earth pressure on top of open cut tunnel for

different schemes

b ) 4 BRI T 4 15 ) R 8 ke
h/cm SY0O Syl SY2 SY3 SY4 SYS
0 1 1 1 1 1 1
15 1.29 1.12 089 091 089 0.86
30 1.06 1.02 085 079 080 0.67
45 099 086 066 075 072 0.60
60 095 081 069 058 061 0.55
75 092 076 068 065 059 048
90 088 0.73 064 056 051 046
105 0.81 0.66 057 053 052 049
120 079 0.62 052 047 046 0.43
34 LA L 6 28040 m

a) I FAFAEA R T BRI TR 4 6 7 By, HL
A RO, 3 Xt 9N B IR R T R A7 (A F
B3, X SYO. SY1 BRI T+ H ) R EAR A h 2%
13, 7Rt E BT (30 cm, BELEE 7.5 m) I,
Wi R 25 R 1.06, 1.02, FHZEZE A 3.77%;
B L BRI N, W R RS ROk
K, TEHETTIE bR 75 em (BEABLETF 18.75 m) 1
HnE) 120 em CBEABLEEE 30 m) B, SYO0. SY1 &/
FREHHERI 17.4%38 KN 21.5%. X2 T BRI
TR+ R v, 2 ARE T 3K, SR,
I RN A ) FEAE PRG0N A
S, AN T SR AE AR B IRNR T 1 77

b) B G AR A, BRI R, [RHE A NIEE )N,
AL BT A R e, B B R VE R N R (N
FEOVT AR T /N BRI 8 52 5 BB AN 1) E Ak Ak A,
P R T o A A R BT YD g, R T L
JE 1A N e . T i AR B TR T A S AR
TWE, O L ARFER R 7 18], AT ek /IME FH 7 3 T
(R BY ) 8 B AH BT Y] J 4 FH O m) R AR O,k B
TRTR T A EEER - XFEE SY2. SY 1 BH{R 10
TR BB TTAS, A ERURR, SY2 1)
AR, B S RGN, EIE R B R
Fath, M S )Y 15 em GBS 3.75 m) 1,
HHHEN 23.6%, ML FEEN 105 om B
26.25 m) i, FEHEN 8.4%, Xeh THEHE L
FERSE N, RS HIREip RS, WA LR 220
INHI AL

o) T WANEAEMA L2, MREL T EEE L
TV TR, - TR R 2R R N AR R AR T
TR 8 40 = i 77 4% 338 R B P Ah 4, el dE—2b
TR ENEAE . BASGRIGEE B rT A, Al 1 A
X6 T BRI T 4 0 B A AR E ,  (H B3
K, N 10%LEA . FFEE SY2. SY3. SY4 ;R
TR SRR A1, TR SRR (45 cm, AL

mRE 11.25 m) B, =FAMHZEAK; B RS
B, =R EEA e, ERTEE s A
75 cm AL, 18.75 m) AT 120 em (UL 30 m)
B, SY3. SY4 5 SY2 MZEZESHIM 4.0%, 12.3%74%
F] 11.0%, 11.8%. X1t BB = B 0, 3
Wl S ARG s E TE vk 4k s i A R AR T B 1t 2 1)
i 2 MM E AR R, SEMRSREREE
HHIF

d) 25 B A SR P R 4 B 25K A RHEAR, )
TSR P AT 512 - T D 28 A i 11 S A R
YEFH .. ®FEE SY2. SY4. SY5 BT 4 % /138 1k ih
AT, ZHMRREIEGE AL, (H SYS EIFIR
b SY2. SY4 G« 32 BRI Sy B I 9 0 SEORH (1 ey s 4 5
IR/ T A AR, 1T P AR SE AR
P s P I = NN R R R e 2 =13
BRI m k.

(2) BRVRTCTA i -+ 150 A7

ANTRIREE 7 22 B T [R] — P 1] 4 7 43 A B4
K 5.

=
(=]

<
=08
o
N{‘ 4
.H? 0.6
H 4
EE; 04}

—— - cm —— - cm
& SY0-75 SY1-75
= 02 —4— SY2-75em —»—SY3-75cm
B —%— SY4-75¢m —e— SY5-75 cm
1 ]

05 10 L5 20 25 3.0
B8 B iR B S 0.5 IR SE

(=)

& 5 BRiEINE—FE L ENRY

Fig. 5 Variation of coefficients of earth pressure on same plane of

open cut tunnel
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Table 3 Coefficients of earth pressure on bottom of open cut tunnel

for different schemes

H-L 25 B fom WAL 15 1 R4k
SYO SY1 SY2 SY3 SY4

0 1 1 1 1 1
30 0.83 0.62 0.66 0.67 0.65
45 0.81 0.61 0.66 0.66 0.64
60 0.74 0.58 0.61 0.61 0.59
75 0.71 0.54 0.61 0.68 0.64
90 0.66 0.47 0.60 0.60 0.52
105 0.62 0.47 0.56 0.54 0.55
120 0.59 0.48 0.61 0.58 0.56
135 0.58 0.45 0.57 0.55 0.53
150 0.54 0.42 0.56 0.51 0.49
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Fig. 6 Variation of coefficients of earth pressure on bottom of open
cut tunnel for different schemes
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Fig. 7 Displacement on same plane of open cut tunnel
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Table 4 Parameters for calculation

wbE R FE R

PR R 2=y
EMPa v ckpa ) (N
HA 5.4 03 3111 2824 17.7
/EN| 3X10* 0167 — — 24
RS+ 0.2 0.4 21 18 13
B 4%X10° 03 — — 22

H: LA E4=40 GPa
2.2 ARTERSHALERIILL

IS UE M () T SE 1, DA R A 7 ey A B IR
B, K B AR AT X LA BT, 1154 S L I8 o
X LG Fh 5 A5 B 45 ST AT, A R 22 KA N
12.8%, AR, 2 aae M E A1 A R o TH BAE A
NG, R AL, D B I 1 S R S
R T A 7 B8O, s 7 BRTRT L AT g .



5 4 3] F OB, S I IR R T BRI A B E A A 641

—»—SY4
—o—mx4

—=—SY2
—o—mx2

—— SY3
—4— mx3

——SY1

—»—mx1
1L 1 ]

1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 1.2 14
B him

8 HEEMMREIX AR L E N RB T

Fig. 8 Variation of coefficients of earth pressure on top of open cut

tunnel of numerical simulations and model tests
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