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Abstract: The choice of portal elevation and gradient of upward slope values are critical to the safety and
stability of the whole traffic line, especially, in the tunnel and bridge coupling process. To explore the
dynamic response of tunnel portal section and upward slope under the influence of portal elevation and
gradient of upward slope, models with different slope gradients and different portal elevations were con-
structed. These models were based on 3D numerical simulation, with the incident direction of seismic

wave being parallel to the direction of the tunnel axis. Our results demonstrate that (1) Under seismic
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loads, with increasing distance from the tunnel portal, the displacement of the tunnel vault is gradually

reduced, with the peak value of displacement located in the vault section of y=0 m (distance from the

portal). Therefore, it is the portal section that is the most dangerous under the earthquake action, and it

should receive the most attention when designing the whole tunnel line. (2) In this paper, A, is defined

as the maximum displacement difference of the tunnel section. The change rule of A, indicates that with

the increase of the gradient of upward slope, the portal elevation of tunnel should also be higher. The

A, defined in this study may provide a new method to evaluate the seismic dynamic response. (3) By

setting the contrast model, which is pure slope without tunnel, the influence of tunnel on the dynamic

response of slope is studied. Firstly, the peak value of slope displacement is smaller than that with tun-

nel. Secondly, with increasing portal elevation, the tunnel will influence the dynamic response of the

slope surface, due to the effects of portal elevation and slope gradient.

Key words: loess tunnel; portal section; gradient of upward slope; portal elevation; dynamic response
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Table 1 Physical and mechanical parameters of the model
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Fig.2 Acceleration time history curve of seismic wave
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Fig.3 Distribution of points from analysis result
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Fig.4 The displacement of vault along the axial direction of tunnel
Sy BT LA AT R0 TR S Bl A BRI O W T AL B S 3 %) 1 I AN T) S A AR A (] Y Ao B
N S B E A FREIR Ty =0 m &b A 2EWIBFHIN .

[ i B8 AN ] AT g S R A AT A X — R AR, X
Je H T A AR 2 far FOAE R MR A S T R
S <) | I =R 47 I = 0 A T LU NS
R PR B A OB R R AR I R
J f IR R A TR RO BR OE TR
i b i H L. o AT 43&’]%[1 00 38 35 114
AR AT % T8 45 K ) A RS R VAT IR R R, HR SR
By« A0 A o R — I Bl 100 38 3k 2 ) 3 g
T8 BT 57 7% -t 32 7 5 . HL AR B A R B

TSI R M AR TEAE A I3 N v A Y

ﬁﬂf@ﬁﬁ?hﬁ i AA) Y 57 B i 17 78 A B oF i
PO AP AL A 57 3% W (EL R A7 X LE 20 r (BT 5)

WAL 5 B s 0 B i BE % 78 A X 7 F% 06 {7 52
Wi )R < i 320 3 39 TG 57 A% I o R A R 28R R R
U A A I AR i G 41 TS A0 L 7 B e B
& PNIIOF kTN T TR ERo) SiENVREAi0E A RIS
A3 9 35 B A7 G, BAR R BN A 3 B > 45°
I, A0 3t -5 BT A% o B 0 D B B 3 AT e R ) 3



856 ooz

=

T3 K BB I R 0.6 7738 ey Ak #) 57 A 1 di K 5 T >4 40
S BE /N T A5 N i G A R A 3 T R AR AT
IR A 82 8% /N A6 SR Ak AR IR 8 2 A% W AR, HL 24 bR
T T A 35 A AR B AV 33 35 52 ) 72 A R e A
0 M W AELRE Wi 5 /0 o SR T Py 4 10 B A5 33k i A1 B A
PR FRAE %) T 3 5 %) % 18 1) 8 38 A 16 1 A BEAX
7 W% I8 AL RS R N 3 N 45 G 3 TR B LA B B T T
TET 149 32 7% 22 (EL K 25 2 I

5.0t 6.0f
[
5§ a0} iy £ 5.0} o
= Y 2 a0t 1 o B
ol R P S o PR e
7 2 30tEm WY A A
o Znd =0T e e e
5 20¢ 7hy i 5 olBHd B B B
& 7 = o0ty EOY E ET
= oY : A EH BH e
= ol 7l = AT P P P
# o S Lofp P A
0 7 o LEHL A, L, A

ekl
(a) HEIR

30° 45° 60° 75°
(b) ik
B0 mMO03 BO06

B 5 L5 AR F AL A AR 8 % o
Fig.5 Effects of slope gradient and portal elevation on

peak displacement of tunnel
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Fig. 6 3D relationship curves between A, portal

elevation and slope gradient
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Fig.7 Variation curve of surface displacement with slope elevation
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Fig.8 Relationship between portal elevation and turning

point of slope displacement
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Fig.9 Influence of the tunnel on dynamic response of slope
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