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Support mechanism and effect of cutting high slope in expressway

reconstruction and expansion projects

WANG Da-wei'*, SHEN Peng®

(1. Key Laboratory for Special Area Highway Engineering of Ministry of Education, Chang’an University,
Xi’an 710064, Shaanxi, China; 2. Guangxi Guihai Expressway Group Co. , Ltd. , Nanning 530021,
Guangxi, China; 3. CCCC First Highway Consultants Co. , Ltd. , Xi’an 710075, Shaanxi, China)

Abstract: In order to analyze the support mechanism of cutting high slope in road reconstruction
and expansion projects and to optimize support scheme, high slope of K1415 + 200 on the left
side of Liunan (Liuzhou to Nanning) Expressway was taken as an example. Firstly, the influence

of slope excavation on slope stability was studied by FLAC3D numerical method, then orthogonal
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experiment was designed to analyze the influence rules of anchor angle, anchor length and anchor
space on slope safety factor when using anchor support. Changes of slope safety factor were
studied under the working conditions of original slope construction anti-slide pile and excavation
of two anterior soil of piles. Monitoring points along height of the slope were set to analyze
horizontal and vertical displacement of soil slope in anti-slide pile before and after the construction
of anchor cable, and stress of the slope soil was studied by strain increment nephogram. Finally,
two support schemes were compared in the aspects of supporting effect, construction difficulty
and economy. The results show that the safety factor is less than the code limit value by using the
existing reconstruction and expansion project to excavate, SO appropriate support measures
should be taken. Both setting appropriate anchor angle and increasing anchor length within the
effective anchorage depth can improve safety factor of the slope. However, increasing anchor
spacing will reduce the safety factor of the slope, and when the spacing is more than 4 m, the
sensitivity will be enhanced. Sensitivity of the slope safety factor to the length of anchor is
obviously greater than that of angle and spacing of anchor. Slope soil can get better lateral
support when using anti-slide pile retaining. At this time, slope safety factor can be improved,
and the slope displacement can be reduced further when adding anchor cable, which has less

influence on internal force of slope soil. In this project, the support effect, the construction

difficulty and the cost are more reasonable when using anchor to reinforce slope. 3 tabs, 7 figs,
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Tab.1 Physical and mechanical parameters of rock and soil mass

ZH E;/MPa v K/MPa | G/MPa
a0 KUK U8 R R 199. 91 0.24 | 128.15 80. 61
B XA U SR R D 375. 66 0.24 | 240.81 151. 48
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Tab. 2 Test schemes and results

, ZES U s

R . .

SFFUAR /(O | BFFAC BE /m | G FF LB /m | 4 R B

1 10 6 2 1.46

2 10 9 3 1.54

3 10 12 4 1.55

4 15 6 3 1. 38

5 15 9 4 1.52

6 15 12 2 1. 95

7 20 6 4 1. 39

8 20 9 2 1.93

9 20 12 3 2.13
3.1.1 FARAREZAMNZAKRIPARYAEEL

Xt 2 g g R AT 7 22 00 LAVRAR 3 A4
PR30 i 302 4 AR B R R R JEE L 45 2R LR 3.
K3 FESWER

Tab.3 Results of variance analysis

EES B 22 #l F B FA{H
R £ 0.141 2 10. 846
BT B 0.329 2 25.308
A 18] 0.130 2 10. 000
R 22 0.013 2
E R RFEAT oA 0.05, FRAFUE AL Foos (2,2) 4 19. 00,

HIZE 3 WP BAT K BE T 2R 00 F(E 29 0 HoAth
2R 2.5 % SR I BE 2 4 A B0 H U
Beo . RIS BEAT OB D7 2K 0 FO(EOR T i S
WX 1 39 22 4 28 WA S 3 B2 VIR T B AT {85 A
FEAT R BE R 7 22K g FELE /N Tl S, HPTE AR
ZEAK B FPEAL TR — 7K 2% i 322 4 R RO
BEEW .

3.1.2 BT Xy RLEHE

i B3R R AR IR 2 R AT L 3 2 A 9 ROy
FW UYL A B T 1L 38 40 G ALY b X i
BRI TOUT 2 4 RO /NT 1,20 B SR,
7 %5 75 5 I G TR R eI 1D () I AT ) A

AE 1Y 24t T RAS - 0K HLE e T %
3.2 HIENEEBEB RS

0T A A LT MR A4 788 23 X AR 4R I 52
£ DUOR 5 2 AR & (7] s A 52 B AR Fp Oy B e i 4
W AR L T A S AR AR
X A7 T AT R 2R ) 552 B I 2SO AT 20 B A SCfE
M FLAC3D X 75 J5U s T4 1 A (00 1) VBE R
EARIZER (LB 2) Bl 2 L (L3 3)3 A A L
DUF B OIRAS HEAT BUE AL . Hh T A B A
KB 28 1 A 15 m, ik By 1 B 4 3 PR A i
200 GPa, JHFA LR 0. 25 4F 5 EFfi A 2 HEB
LR G 2% L1 fi) [ B AR BE 230 33 3 Fn 20 m, I
T A 10 AN A0 RS W s S S5 17 ~ 107,
UL 3.

P 3 UL A R I S T
Fig.3 Arrangement of anti-slide pile, anchor

cable and layout scheme
3.2.1 HLEAELYHARH

SR FRC 3 A o [0 )i 100 3 2 4 28 R0 A8 AR 1 B0 A
KA.

1.401

1.30F

Ve T
S

.

b SR A IHl
Pl 4 il A0 A X i 22 4 AR RO

Fig. 4 Influence of anti-slide pile construction on

—
(=3
(=]

side slope safety factor
H AT 4 AT 098 Ak B 0 At Xk 10 3 - (AR 1
D 1) SCEEAE T 2 b 200N 0930 3 22 4 AR BUURH 22
0. 756 « FWIHT I A A S 480 - (A B AR 17 S B0 i 52
5 o T AR B 1 PR B A2 B0 R 2 RE ) B AR TE R ) 5 L
AR RE A R I R A 22 A R R, BUNT A T



% 34 e

L HRABAT LRSI LR HR 3

SE IR Y TT AT B RAZ R R R
B H T e 19. 1%, HHA A bt &
A HIE W T 00T 3% & R BOR/NT 1020 1
ZOR.
3.2.2 A RAAP R G

K FLAC3D Xt A K 5 28 it A1 s /9 42
oAl LA T I3 H s ﬁﬁﬁll’ﬂ 3 HHY 10 A I A
CHerp 97 A1 107 3K 2 A 50 07 B B T2 007 B 16 AN [+
3 9 A T W T L BRAR 3 G  rh RALD L
0T O T AR RS B AR

(D KFENLFE
POV B B AT S 3 AROK RS = I

I R B AR AR BL AN S B

|
%

'\l'o\'u-'.lsi;a'ml—-o_o
coooooooT

|

)]

R

3

PN BWRO

COOOOOOO

1

(a) LH2(3A%: m)

—0.05~0
0~0.05
0.05~0.10
0.10~0.15
0.15~0.20
0.20~0.25
0.25~0.30
0.30~0.35
0.35~0.40

(b) T3P m)

0.3 /_/—/
1

0.9

=]

~
H
=
w

KPR A /m
o

o
R

¥ ¥ 4 5 6 T 8 9 10
EARUIDS
(o) & W AP

(IR U S S S A 7 2 1

Fig.5 Changes of horizontal displacement of side slope
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