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Quantitative risk assessment of the highway cutting slopes
in adjacent transmission lines and design
optimization for the reinforcement works
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Abstract; Based on the technical framework of risk assessment and management of cutting slopes, the
quantitative risk assessment of Longyan Yongding Avenue kO + 855 ~ k1l + 085 cutting slope was conducted in
this study. The key parameters, such as the probabilities of slope failure, and disaster reaching disaster-
bearing body, and the space-time probability, vulnerability and property value of the disaster-bearing body,
were analyzed and calculated under the two typical working-conditions of slope excavation and reinforcement

for the purpose of quantitative estimation and comparison of the potential slope risk-loss . It realized that
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reinforcement projects for slopes are necessary and effective. Due to the widening of the highway, the

multistage anchorage and anti-slide pile schemes were proposed, as well as quantitative risk assessment and

comparative analysis of these two schemes. The study shows that the multilevel anchorage scheme is the best

alternative, since it has lower failure probability and less potential property loss under the condition of same

design slope safety-factor. This study puts forward a complete technical scheme of slope quantitative risk

assessment which can estimate the slope risk state and potential risk loss in the designing stage, embodying the

scientific and forward-looking of risk control countermeasure for the purpose of controlling risk from the source.

Keywords: cutting slope; quantitative risk assessment; risk management; transmission tower
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ARG A= I U A o MR B8 3% 300 I A0 T8 3 o 5 4, A i e SRR E R P
P13 kA o FR W B 0 TT R M N, ME LL S W 2 3% Y HH 51 L FED B - 1

: . QIR e TR L T . s Ty 5 16311 BE B 6 7 9 0.5~1
W EE S 50300 B B R ¢ A DT e B o = A0 4 0 3 T 1Y . e e L o0

B LR R TR DA DR 3 2 S A S ) 45 B 3 )
BURTE 9% SR AT A BRI o e 28 i TR AL 45 3

1 % e T R A T e TR

®4 BEHFIEMEBZHN VIERENIE

Table 4 Examples of the vulnerability values of building structures

FELL & U2J‘§7 %j / JANRS :'f—'%jil ok ’('f—' IR E Y G
FOMERARIIGON R IR e mm mmRmah GmR WO
PR Py TRKARIZS R P BORKAR G 1% V. FRER 0 0 5 5
Horpr, RH BA R RARME AR P B T i 3 1 5 7R K BMBEEX 0.1 0.2 0.3 0.4
22 ) 9 4 57 LA R 0 9 2R R I 32 3 e A I T 0.3 0-5 0.7 0.9
JRE L E X 0.5 0.7 0.9 1.0

B REW A ORI XN E AR TS EER




- 24 ARBT B8 , 45 « 410 30T il v 35 00 A 30 3 R R XU R B A B B AR BT Ak

HRAEME AR I A 45 5 i vb Bk 58 4 b T 1A SR
WHEZN, I P L S5 R B, 25 R
A8 TP A H X U KA B B B L U TR
T B R S BB TR B 2 R IS 4R s
0.7, 33 32 144 245 ¥y Oy 0 i TG O =, L B 40 k4 A
0.7, Zi b, Al % T4 7RI R B 9 2R 7R K
PRIGHER Py TR K I 25 R P KORKAK I 5
Btk VAT S

£5 BARREH P, P,V IE
Table 5 Values of the P, \P,.,.V for the

disaster-bearing bodies

R I A AR Pr.y Pgr 4
T Wi 45 1 1 0.7
it A 17 TR e - 25 1 1 0.7

PRSI TAR AR EE LA 1 1 0.7
i HL R WL 1 1 1

2.4 fEEBRITAL

XFF % T TR AR R g 50, e 3% i
RALH G TR, AT 43 Ry B4 28 T 0 2k i R) 42 28 0%
PR o BB 2 U AU 48 19 S i1 I 0l DR 0T [ s 78 7 o R
TR B A B RS A, TR E R
AR AT VA 5 18] 3 28 5% KUK 95 9 2 0 % O )
X 52 K R S L A, R 5
THE5 b 5T ¢ 35 4 22 T R 5 TRl 422 28 T 40 R AR G
K F K ) R BOE AT VAL X T B 0 E LB &
B L1,

(1) EmpgIE TR A,

K 230 m, 3005 H RO B TR R 5 T 3
230 mo I TORR AL A L RN I i TR, S IR A
MUK i 3 2 B 1) 2 A, 6 3 TR AR RE K A 2.1 TG,
BT TR B AE K A 0. 81 J7 U0, B B TR B4R Ok
A, =669.3 J7 JC.,

(2) Be5EhY TAL A,

P& Y TR F AR TR P TR
PR, Fo MH TREMAMBR, MmN A, =
238.96 1 oG,

(3) M HLERIE A,

XA EL RIS T 3 oy i B U R X i R R R AR B
S AR S | NPSE iR R N TR Sl ol R
K P

X P R AR N RS AE k) DL (it
FEL A R UL ) A OGBS, HE EL Al AE L ) R R A e
N DAY B AN 5 R 4 T I A A

2019 4¢
Fo6 IERAHBER
Table 6 Estimation of project costs
T4 B TR A/ o0 KA/t
20 25297.7 m* 18 455 358.6
TP TR
500 kN T 15 R 1774 m 270 478 980
C30 JR&E 1 HE 4L 188 m? 1 420 266 960
PikE C20 A A #e 2216 m’ 320 709 120
B T2
C25 eI B4 261.8 m® 750 196 350
5 49 A7 6 284.5 m? 45 282 802.5
1A A 2389 571
P, = 5tVM (1)

A s e—— (U ), H T R E T T R Y 4 15
) A 2 24 h, S T e =24 hy

V——Ha A, A b DX A B LI 0. 548 3 JT

M——H ol v i L

AR R R e A K E VTR S it
W ARG x5 B TGRS 0 FH LR B, AR X
R NRE R LR 20.43 % S N HUR R
3390,M =2 885.737 5 JEH, /AN 1 IH8EM P, =
5(VM =18.99 J 7T,

R 1S X 3 29k 100 T3 9T, B P, = 100 T3 7T,
Bl A, =P, +P,=118.99 J7JG,

g% LAAS R I AT A VR IR A, =
Ay +A; =T788.29 Jiot; T HARZ TR BURAMTIE A,
SR R SCHR i a0 3 0 L R A 11 A R 4
TeBik B, =1.1 x A, =867. 12 J7 JC ; kA I [ 17 41 3¢
BB IR E, = A, + B, =1655.41 Jj 70,

WAL N G IR TR A, = A+ A, +
Ay =1027.25 7O RIEEATEHIR B, = 1.1 x A, =
1129. 9873 J0; UL A P W M TR E, = A, + B, =
2 157. 2375 7C.,
2.5 AR AL B

DR 2 A B 2 2 5 A 0 T B 8 KU 4
Bt b i A5 1 14 120 B A5 B M A G S B R A AR A
e , 15 B AR K A ME

I 7 4t 2 AU 1

R,, =P, xPp, xPg, xVxE (2)
S P R

P, — 9 H BRI K AR I 5

Py —— TR IR B I 25 B 5

V— R RARH) 5y 451 5

E—— R IR W 7 418

W 25 A R TR H 4 382 T A, AT A5 R [



42

o [ S5 9 5 By i A AR - 25 -

R, =100.06 Ji 7t ; M [# 5 R, , =41.21 Ji 7t
3 BEREIEBEITARMRK

3.1 AR 4 R

R PFAk 45 SR T 0, 1035 181 5 48 4 R B0 K ik
IRME R REAR , 25 5 1G B8 PR A0 1G5 SR 0 B iR , HOvE e
WO 7= O ek /b J AT Az RS R R AT 22 A R
{3 RIS T RE 48 T, 1% B 2R % U] 4 B
T& WL 8 I #5783 S Ak T I 5 [
ZWo LA A ER HME LT RS a0 I A B R
AT A .

TERLRI BT W B, 320 3% AT A8 PR R, Al A RHL k30 34
RURBSE AR 0 5 e 6 1 0 A1 30 B K 3 R SR 4 = A
T AT KU A5 B BRI & T R .

| S B VR 5 |
I

| A |

I
Y
| e | [0 | [ wt] [,
g | ||| Tz | BE | | 28| | B |y | | L
‘ 2| | | [ | [k T pe
geim| [#rit| o | | 208 T ACT
||| [ & 5

B 7 HEE TR KB T R R

Fig. 7 Slope risk controlling measures during

[wwomsmen | [ RR

the designing stage

2

H T 37 M 2% 1 0 BRI 0 3 i 33 XL 1 4 e e L

P BT I, 1 R R R R E BRI,
{HL R k75 1 34 T i PR R 5 3 A B S R BB Y
BN R R B o8 e Ab Tl SRR B 2
A g T I 3B AR O B O 2 e b L B R 5 S P i
O S SR A0 RS RE P AR i v R R B IR
WL o £85I AR A AL BT T R, T R ok
FH 22 G T (32 7 P 8) , JHE v ke Tt 81 i v K B 19
FES O 18.0 m; J7 58 "R UM (3R 8 (181 9) , 3 Tl
F RIS R BB 42. 4 m,

x®7 RUBHHFRE—

Table 7 Optimizational design of the Program One

MR EEE kY

519 1:0.75 F PG (h =4 m)

52 2 1:0.75 TN ) 4 AR AE 42 (FRAL R T Ty 700 kN)
553 9% 1:0.75 UV 7 Bt R AE 4L (LRI s 700 kN)
4% 1:0.75 TRV, 7 Bl R HE AL (BRAL L34 J 700 kN)
HS % 1:1.0 TRV 7 B R AE S (FRAL 83T J 700 kN)
EES 1:1.0 LIV Bl R AE 4L (AL R34 700 kN)

=8 MUEHARZ
Table 8 Optimizational design of the Program Two
DRI FEHR Jor i i
B1%  mEIE 16 m & B i A
2% 1:0.75 U - S wE
FI% 1:1.0 ML 3 i AR AE AR (AL T 7 700 kN)

o4 2% 1:1.0 B B 4w

B -LARBRALAE 2
==
YRR OB -+
SRUAER 2

\
o
o>
}\\ £ R
"\

. TS
gt

N

K0+930.000

[ BN S HRAELE -

“ J 17 74 ' ~ /r/
BB/, ST
eyt )%ﬂﬂ?ﬂdﬁé{
L) b

7
. /
v /

& 8

BB FTRE—

Fig. 8 Optimizational design of the Program One



.26 -

ARBT B8 , 45 « 410 30T il v 35 00 A 30 3 R R XU R B A B B AR BT Ak

2019 4

Rk
Pl

424
BERBRILE
(BREZL0 = A
24911
7 o i Bi -t
e
o 282 SRR
I %,
7 " Vi g z
L S e e
i ’ ) ;
7/, ‘Vv s, 4 // A .'%r TR 2%
////// 9% //// 25T T
p— 7/ / ////(/ /. /// ~
il AN
T 0 |EE
N7 R
e
2.5m
B9 BmFEmHEITFRS

Fig. 9 Optimizational design of the Program Two

ARAAE KA

JEER

=

O &RIERE
O BARERAIERE
O FEJORIERALTE R &

PR AR 3695
AT EEHEFEH1.889 6
P(23%)(%)1.920 000
FRAER2£0.195 56
BN AR H0.558 4
BRRAERH.671 4
WREAS 000

10 FE-DEMESFERE
Fig. 10 Slope probability analysis result of the Program One

BRI Ak T 1 3 is sh AR T B N, B Py, =0.55 07 %

TR BT B e e A A B P, =0.3,
HoA AR IPUE R 1 (R 9 K10 & 11) ¢

3.2 faltEa b

W AT SCTT v R GeoStudio 44X i1 3 A Ak 1%
T REH AT R KR eI TR %
SRR Fs F1.369 >1.30, IR MER P, =1.92% <
5% i JEER TR A REFs J31.332 >1.30, 1%
AR P, =2.48% <5% i LR
3.3 fuFE R

HR 5 AE 3 o3 B 45 2R, Jr 58 — i Fl R S O 2 IR S

3.4 feEmA I,
AR T ST, R A 45 i v R 3 i T
T 0 T 3 TR

( 1 )%ﬁ%%lﬁ A21 \A31



552 op M TR E S B IR R + 27 -
Rk
e A R H1.332
A MR %1 829 5
P(520)(%)2.480 000
FRAEIRZ0.181 46
/N % $70.759 88
& BR2Z2R$22079
& REH5 000
\
2 A= ]
A5 B R
Y :20 kN/m?
C:25kPa
@:27°
2 A KGR R N
MR BER PEAS
L
o5 O &RAERE n
. O B HRERMAE R S
S @ ESRER IR
B11 ARZHEMESWERE
Fig. 11 Slope probability analysis result of the Program Two
x®9 BIERREHM P, Py,.VEE z10 AR—IEHAGHER
Table 9 Values of the P, P, Table 10 Prject costs estimating of the Program One
V for the disaster-bearing bodies TR TR /I8 W/ I0
TR Ry AR Pr Pg.p v Lo 32 375.65 m® 18 582 761.7
% 1h Ui 4 4 1 1 0.7 TR
% 5 R IR T T £ 1 1 0.7 700 kN i ) H1 4 & 4 456 m 3 1 604 160
UL, MR T4k 1 1 0.7 C30 JR&E 1 HEZ2 32 470 m® 1 420 667 400
T 2E 4 0.5 1 0.5 it C20 F Atk 4361 m’ 320 1 395 520
g it TR
HE Ll 0.3 1 0.5 B 4 TR
C25 TR HTE 2 176.9 m® 750 132 675
HE 4 I ST, 9% TR A B TORR (4 5 ) VS L R I 37 A 6503.3 m’ 45 292 648. 5
230 m, ph 2 B R AT 8 4, H A TR A K i i i 4675 165.2
2.1 J3 00 B TR R K E Mo 1.6 T3 o, e E £11 FROTERAGES
BETHREEREREL A, = A, =851 Hit, Table 11 Project costs estimating of Pogram Two
21 31
(2) BgEh e T /% T4 TR TR LT P/ T
B S5 SO B L T 45 5 5 — 8 A 3 TR % 869928 I8 516 587
. — YT R
ﬁiﬂ—‘ﬂ'ﬁ%ﬁiﬂl% 10,3 11 Fﬁﬂj’ﬂjﬁM%ﬁH Ay = C25 TR+ 1 800 m® 1480 266 400 0
467.52 Ji6 \A,, =512.93 JiJt, 700 kN T J1 4 & 2194 m 270 789 840
(3) fy B BRI C30 R %E HHE4 R 49 w’ 1420 69 580
MR SO 37 o B T L o B B 4 2 0 A AL i1 o3
KAy = Ay = 118.99 Ji G, C25 pmHH#IE A4 202.7 m? 750 152 025
b SR HELTR A, =1437.51 G4 A 2786. 1 m? 45 125 374. 5
A A 5129 353.0

TG R B, = 1.1 x A, =1 581.26 JT G, Mk
UL E, = A, +B, =3 018.77 J1 JG;

DRI E AR AR A, =1 482,92 J7 T A
GRRHIL B, = 1.1 x A, =1 631.21 Ji J6, Mk 2 3 it
K E,=A, +B,=3114.13 JiJC,

3.5 AU E AL
a2 T AR B R AN AN R J5 S8 9 0 7
PR -

R =P, xP,, xPg,, xVxE, =38.41 it

prop3



£ 28 - ARBT B8 , 45 « 410 30T il v 35 00 A 30 3 R R XU R B A B B AR BT Ak

2019 4¢

Ry = PP, xPg,xVxE, =50.65J7

4 BHESIte

4.1 TARRRCRXT A A

R 0 2 XU A 25 1, 1T 60 W 3 %2 4 R B T
1 SRR 38 B 7E AR 10 0 L DY, i rl Ak O O e A B i R
T, TR AR AR 22 TE L
4.2 HARZTEX T

R AU T Al T A8 B 25 3, O & — 1 I 7 R
R, =38.41 Ji 70, 1IN 8 3% F] A,, = 467.52 i 5t
75 %8 Z /W 7= 45126 9 R0 = 50. 65 J3 7, 1 3 i [
A Ay, =512.93 oo, B RTHE—; BB KR TH A
WEHCIR B KA AE 6 5, 7 38 it THMERE K 28 B % e ik
BIR -2 T %E
4.3 g

A SCHIE ST R T B B R B 30 e XL
JE B VAR S B HOR AR R E PP AORT B R A TR R
UL B 34T 58 3

(1) WF5E 40 A7 300 e e SR ML A, 4% Hh 52 i) i B A
K2, R A R o 304 25 G E 238 43 B T8 o ffy i A5 40
WK A5 3 SRS 1 1 30 B e SR AL

(2) A SO R 3 B3k R K AR R P, BUE N
FEAZ , T LA 3B 100 35 4% A B O T ) AR R e DA T 3] K
AR I B 5 ZR ST A R Y O R ORI E P o

(3) 7R AR Ty 450 1 1) A o DRI PP Al v 7
ARSCS BT TR 2RI I8 R, T DL &S & R R AR 2
P G A 5 i A D R OR 25 4 T v UL 1) 5 B

(4) B FrE LRI BY B, Fir BE 3K B 95 kA BR
AR S T ARG AAANY HL 1 4 0T A 40 M ff , — P R4 (B
S0 (H, EEUCEE B EE T, AT s ) H T A B R
JE, DAE T3 113 R AT 5 R A ) XURS A B4 B

5 #Hit

AR SCIBE T i BE ik S 300 39 IR DF Al B A B £
JEE , VA T 3 DR 908 10 i v 2 B B 0 0 Dk B
7 R 0 A XU DA B XL A8 B £ aed e v BT 2
DRI DA A9 REL B R 75 32 i T DU 980 42 ) B AR A T
T ORI AR 28 P ok sk e L it I &, M LR
é,ﬂji/g;

(1) 283 X 1 3 9 i et 75 58 19 I 42 I [ w5 4
T AL ER 5 o BT, S AR SN 18] 2 5, AN AL 2 42 2R %L
LA e i T L R S BEOR Ti EL 20 3  RAE R
B 0 35 AR, HE VA 10 I 7 460 S A X 5 2, DA T 2

TE T T Y A A A AL

(2) PRI% B2 B30 5, 30 8042 77 15 30 T i e B 3
A, B E AT SO B T 2 G4 A
U AEPIRR AL T7 58, IR S8t 13X P AT 38 1 2 KL
W A0S Lo AT o BF 9 3 A A T S B2 4 BB A
R B2 AF T, 22 9048 18 07 58 B AT B AR A i IR A8 5 Al
D R e B R B R B S

(3) o 2 B 7R BT B B Al 22 M KR, R AR SC
B Y 20 0 TR e KU TP Al 5 vk, AT DL T T A 5
Jit 3=k R F I S 300 3 By RUBS R 2, XU A% 4 A AR 2
JZ TR P AN Rl BT 75 58, i i XU Bl 42 0 36 1) ok 2
AR IE A, AT 3K B 7 U Sk A o XU 1) A

S E WK

(1] Eils, k-3, B, & il X sl M4
e KU A G T IR R SE [T, AR M B 4R,
2016, 24(4) . 492 -500.
WANG Hao, LIN Yifu, LIANG Tao, et al. Risk
classification method for high cut slopes of Highway in
Mountains of Fujian Province [ J]. Journal of
Engineering Geology, 2016, 24(4) . 492 -500.

(2] R WEEITATEE SEORIM]. JbatF
2 AL, 2012,
WU Shuren. Theory and technology of landslide risk
evaluation[ M ]. Beijing:Science Press, 2012.

(3] Bde. W¥RFXE M. Jbat: B2 iR
1, 2010.
YIN Kunlong. Landslide risk analysis[ M ]. Beijing:
Science Press, 2010.

(4] FreF, RN, asfl, . B3R X i
S IM . UK A4 i it ,2010.
QIAO Jianping, TIAN Hongling, YANG Zongji, et
al.  Theory and practice of landslide risk
regionalization[ M ]. Sichuan University Press, 2010.

[5] TURNER, K A, SCHUSTER R L. Rockfall;
characterization and control [ M ]. Washington, D.
C. : Transportation Research Board, 2012 . 13 - 173.

[6] HUNGR O, FLETCHER L, JAKOB M, et al. A
system of rock fall and rock slide hazard rating for a
railway-geo-hazard [ R ]. Edmonton, Alberta,
Canada,2003 ;277 —283.

(7] 5k, BCA, EBES, % &SR0 RKAY TR
WU ] -0 B AT Al [J] . s s S TR R,
2007 (#4F] 1) . 1265 - 1268 +1273.
ZHANG Lei, GU Wenhong, WANG Xiaoxue, et al.

Risk factors identification and evaluation for slopes in



42

SR s

5 B7iA %R

.29 .

[ J]. Chinese Journal of
Undergound Space and Engineering, 2007 (S1) : 1265

- 1268 +1273.

highway engineering

[J] . k&2, 2015, 30(1) . 141 - 149.
TANG Yaming, FENG Wei, LI Zhengguo, et al. An

overview of landslide risk management[ J]. Journal of

[ 8] B, Tk, V@, . 2 3 XU Ak 1 1 Catastrophology, 2015, 30(1) : 141 - 149.
RASlope WIBF & S50 [T]. v E Hb Rk % 5 B7 G [12] FELL R, HO K K S, LACASSE S, et al. A
g, 2016, 27(1) : 62 -70. framework for landslide risk assessment and
LIANG Tao, WANG Hao, PAN Jun, et al. management [ C ]// International Conference on
Development and application of software RASlope for Landslide Risk Management, 2005 : 599 - 600.
highway slope risk assessment [ J]. The Chinese [13] PRIEST S D, BROWN E T. Probabilistic stability
Journal of Geological Hazard and Control, 2016, 27 anslysis of variable rock slopes, 1983 [ C]. Trans.
(1) . 62-70. Instn. Min. Metall. (Sect. A: Min. industry).
(9] RAEJ, WEH, THE, & SREAKEEY (14]  ZF{, ERBEE. BT 53R 1% J5 1 i sl 3 vl 4 1 3
A MR RSN T [J]. AR R, 2018, 35 W (1] W E R E 5B R R, 2014, 25(1)
(3) : 8-15+27. 23 -27.
WU Zhongguang, SHEN Ruijun, WAN Fumao, et al. LI kan, JU Nengpan. Reliability evaluation of slope
A method for identifying operation safety risk source of based on montecarlo method [ J]. The Chinese
rocky high slope [ J]. Journal of Highway and Journal of Geological Hazard and Control, 2014, 25
Transportation Research and Development, 2018, 35 (1) :23-27.
(3): 8-15+27. (15] RN, & A IR I - vk Bl A o B Ay [ 7] .
[10]  E¥, G20k, kT, 5. BED A A 6 5 RIS, 2012, 29(3) : 46 - 55.
RS T A B i B R AE 4R [T ] A+, KANG Leishan. Replacement cost insurance: legal
2017, 38(12): 3505 -3516. foundation and system constructio[ J]. Studies in Law
WANG Hao, DOU Honggiang, XIE Yongning, et al. and Business, 2012, 29(3) . 46 —55.
A technical framework for life cycle risk assessment [16] WMk, ek, KEMFS [M]. dbat. db gt K2F
and management of highway cut slopes [ J]. Rock and H At 2012,
Soli Mechanics, 2017, 38(12) : 3505 —3516. PAN Mao, LI Tiefeng. Disaster geology [ M ].
[(11] FEEB, ST, ZFEE, % 3RS H g R Beijing: Peking University Press, 2012.
a2 RYAQELYa £
(HEMRREEMAER)ELERES
* *: 5 % F 4w BRF
B E KR
Bl £ %&: 42 BEEYW FH% LZ2F K OB OF OB Fi¥%
Z R:BRL B F X3y IR OEWHR EME OE R OERHA ST OLEF
AEF @ER NAF NBE MNHFE AL F B F B F o Fggs
FE% F K HwE MARE &L R OF KKK Ktz KMAER KRA
% F Mt KEEZ MKa% L X BEE RAFR R SN PAHX
AW EAL ESE O RAR EAA RTEH HNRK OBRF EHEY K
152 #£Ep EB#HAE FTUE BHF EKaF HNE ARIA(UBRERAF)





