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A 38 SR T R I R0 K L A 0 K B 3 DA R K B
2, DL AL X H A . SR, X SRS e Ok T
P (A0 7 AR R . RRIR I Hh T DL B 5 1 Ll XA,
FEOL X R E A BAT IR, A8 I8 R R A AR
A AR A S T X AR [1]. BRI & vT AR
BX —REAE: % X 5 NS IE AR T R 40 4 EK S [#2~3
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TEILA B SCHR T, R 7 6T B AL BT B A 7T
HOAE T A B — H bR R 7775 [10-20]. 1T 5 WL
5T, EEMRABTHIE KRR A B B RAS, BRI,
BE LA . WA B UK 2 A S S s e VA 4
NAE S EAR R BRI AR) [15,17],  He 2 im i i A ak
A 77 B OR 2 Ao 1B L B RO W2 22 A vt H I
BAE R LR A T NAR AR (1) 77 2R AR BE 2 16 A 1%
T R4 K F[12-14,16,21-24]. /384352 48
AR R B BT 1) 50 UE $8 05 K PP Al 22 42 PE[25-27], 44
MR B IR H BB Z MRS, a3 B
1#127,28]. % BRI, BUA AT TR R E TR — A AR
BARMETF & LT AR BT 5o ARG
ST AR R IA B E B AREE R I T, R et
FEAR A

BT A BB H AT &R LA E R W Ve
B, Gn R FE A /N T 2142, DA R ASE FH 38 R A 22
Ao AR, FEEBTHIITE A EIRE AL IL T A
AR O AT, B, RV E T ALK
FFEBATITE (I E<4%), BB ML R AT
DU BRR S R [29]. B, fELREsEEkd, T K2
Kz A SO AT BAT AR, TR TE A 5 ket
IF] T BT BT SRR F AR AR BT E 77 5. T EY
Wil RS E AT R E T, R E: A PR
BB AR R R L X G . BN, 75 2%
BRI U RHEAT 8 B 08 RTS8 10, TEAE BT
EZE, (EEAMER TR T, — MR R TR
W R X RN K RV R BT 7 & (R B
AN R B/ NIE I A SRTHT, B AR ST O
TR TE TR R ] AR AT R PR ARG 2 B 2 T (1 Ak XU 7K
A RALGH R B RTE R E . 3 ah, W R A IR
BARSFBRE R R ZTAER . i, SR rImt iR,
TERVEE AR T, KOT IS A B REIE I 57 2 54T
Rt L DX 2 % A8 8 T KSR R A I XU R (30,317 A
I, R TR AP 2 ME Bl A, AL EER A —
Tl 2 A RS PEAS B BT AR v, TS BEAAN R BR
TEMMER L

ASCHE T — MR -2 A i TR, TR
FAI A 52 0 25 i J) 4 R AR R0 32 8 22 4 1 28 9% R ) 8t 1 AR
o BEAAMUEH T AL S, & 2 A s
A TAERTHT S 1 2 HAs Ak s it e

ASCHIOIHT ATET 2 A7 T 2 B I 2R AR A0 v i
BT T oG B, - T M A BRI TR R T

%, NABERRIV TSt T BT 22 A P B VR I AR
FR, B AR 5 i 22 4 R IR 36 5 77 i e kA T
FHRIE, AL T — MR ETFNMT R, B RUR S 24 (A1
KABRREK: FH, NAB TR, iR
AT (fault tree analysis, FTA) S[AH 7 EME S, W3
T RUFE RTINS, G5 [ AR
RlBert 77 5 Ho MR 7K (RO AZ I8 i3 Z [A](1)
HeEA . [\, SR T SRR AR VP AESE, A
e U T RIE . BE, 1R T M A -
s A3 M 1) 4 R A AN R AR B TSR R, DAB B R
Lz a2 A (R34 .

2. A5 R FREME

2.1. 350 H RS A 2R3
e T 2 B PR AT G 2 A TR 3O N -ZE - AR R AR
SER[32]. B IAT SCHRN A8 8 M) R BEAT TR &
538, AR CREBTE i A AT I S AR Do AT
fEFHFTA [33] 5158 L AR BT 528 @ il (R B & .
P10 BAAZ 3 5O 0 R sy . He b S8l O
TFAE, TREBOF R NEAENE, ZERH H B2 g
SE TR BT S HUE S Sl () i RUR I R B . (EHAR
R, B RS R S — L TR T R 4o
BT I B8 AL S P A ] (new fault tree analysis, NFTA)
NFTAMAE G FTABT AR Z b 58—, BT
ARFARIEAN A H PR ERIER, TFTAT 2 H
FHHE A A R T2 A R 3 SRAE W7 TR <A OB . 26
=, NFTARA &2 (A FHOBUR R2MFR KR, A ZH
EPEIR R [34]. Blan, “2BRKIR" & FEETEF
HEREK, H “BRRRT A ELIBCE .
TEIXJT 1, NFTAA[ETAL G FTAMR .
PITHIONFTAZR W, A0 i 20 2 B 1R IR
LS DR R DL B T B 25 i AR IR = T JE AL 51 AR )
CEBERRIRY IR, BN BB AT RN B 5
MR AT AR . BN, 8K R A B G (125
BRI e B R 0T BB AR, IR S A B 5 A S B
W], AW PR A XA B AR 7 8m JF X
i, RANBEIEIE A R, WA Re 3 EUS B R AR, G RAS
bl g8
CHEMBERAET 2, mTAaBRLBRIEAR, B
B L A R HRAR, FMLT RIFSITIRE, ey
INZEREAT R ML i O . AT RRI, 4



PEE SR AE S AL 4 s P AT 5 2 B BT B2 2 TR i) — B
PETT TR R E EME (351, RUFHIZMEES R 1]
DRI BRAT B RS I AN RS BR A2 4k, AT AT 23t
PEAS ORI AT REPE [27]. AMEIESAE R oy =Kk
TR e X B 38 AT T P2 i e Mk A 8 X B[] 1
BATH OGS, H, EREE T T2 X B L
R IR AR 8 O BE S LB 1R RN . IS AT R 4R
%AEQEMﬁ#Tm$L, — A BT LS

3

Z2 I ML BE 28 R 2 ) g RAR KBk, AT g 3 B Ah 5
HUR A

CTEHAERERIC 2, BRERIE R A RIRM G
WA I R AT S Y, R B A A R B BT (A
JE R ST 4t W] LA RBRARA B F il

P T IE I NFTAR R IR 1 2% F B0 N 3R 5 Al
WU 1B A FERR & o (H 25 BINFTARH 5 FTARE R 2 [H]
FAERCRZE R, ARG F TARRY (4B T iR AE AW th AvE

BHE. Bk LRSI RAESL, BORIIABAE  Ho A THIGX— B, AR SCHENFTABAY ALy L
Traffic
accidents

Vehicle-

Driver errors operating Vtvelak fault
problems olerance
Driver errors
I l L Weak fault
i tolerance
Visual fatigue Lon?ir:re'v'”g Hypoxia

Monotonous
tunnel
environment

Dim tunnel
environment

Insufficient

Narrow
shoulder
width

Poor
ventilation
in tunnel

emergency
stopping strips,

Vehicle-operating
problems

Poor vehicle
stability

Poor driving
consistency

Large steep

Poor sight distance
slope

i Poor Small Small
Ran t Steep curve
and |\Pavemen ceurve slope .
snow friction radius radius

S I PU A = i

Operating | {Roadside
speed context

Small
curve
radius

Roadside
context

I NFTARE Y,
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YRR, JREs 2 TRBOHE BB T, tHEHE—
N B SOE R . MR RAEE I TN R H
Je, WE /N EIEE[36] (RIS BRI S MU AR [ BN
WBBZEAT ). RIG, K dn /D BB (] SR o 1 g R
AH. FEAII, NFTARFRIA T “57 MTRARZFHFNE
%%é\iﬂ%ﬁ%ﬁ%}g%ﬁ:ﬁ@#ﬁ* R P 7 MNFTA K
BT R RS R 3R, 3K A PR P 3RE A DA [ DA 2R e S g e
AL

TP B L R RS PR 302 L X B R R BT I B S
B IR R AU IE 208 22 4, 1 HSE 20 2
RS ) A o A

2.2. RN BEHIL BT R SR A
E—hoamE Tl B ER, ATt

DR R A BRI B T RIS HAHESE . XA
Hh A A ST 22 A B R 3R DL R S 4 T i B IO 2

RS,
ZH.

S(Xs, Vs> Zs)~ E(Xg, Vi, 2p) 50 MRS s A B IR 2RI
PSRRI p o 320 M, FRATE I 7 2 v ) 14 B O
P, = (X Vois Zpis Ryi)» BRI LR 73 1A T/ NMX B

WE2F R, BRI A T E B DL Soth 2B
E=(C,T), CHTHRREAR (2 MAR (4 Hik.
TN

DL JE 25 73 B i AT LLMCZAE 22 rb 52 HOAA

C=(C, G, oy Cal 0
Hh @B E TBRILC:
Ci = [XTC,Uy yTCA,uv Z1Cus XCTus yCTA,w ZCTu, Lvlh Gvu]7
) (2)
i=1,2,..,n

RS EREAKERP , Py P AR HIFRFIER,,

|1 mE O B A ST

i, Hﬂéﬁqﬁﬁﬁiﬂ”ﬁﬁ55‘]’%1‘%(XTC,,,,)/TC,,,, ZTC,u)w‘&(xCT,u,
Yer,w Zera)s W EMBHEJUMTZAIHRORME[37]. Lo RamKF—IX
B R AR, 1M Go, K AN X B L &R & .
. B X B O], (HAEAS X B R R B —
FECAH ] o

VEGNERSIE S

T= [Tla T27 ey Tﬂ+1} (3)

H S En TRELET:

Ti=Xs, ¥s, Zs, X1c2, Y1c 2, Z1c2, Loy, Goy ], i=1
Ti = [Xcru-1, Yeru 1, ZcTu-1, Xrcus Yicu» Zicu, Loy, Goy],
i=2,..,n
Ti= [xa‘n,ydyn, Zcrn, Xe, Yi, 26, Loy, Guy ], i=n+1
4)

EMRERERE, HLBRHES T LRI E M.
T2 B8 T AR P R B T A PSR AR R [ T A
X B FIRAT (5) dE LA = ZEA bR NVER M2,
HEP%“’E%%%*&%%, HLEUE A BRIIRAS (Lhank
TE R R @ R BT o

2.3. g7t Jo J ) A T At
g PSR AN S L O B SN BUR/AS Y
(5) & Hb, FoRBEARRCREL BN 10.065.

fo(E) = rCe(E) + cu () (5)

Hrh
Cc (E) = KrcLt + Kpclg + Cr + Kec (Lt + Lg + Lr)  (6)

Cr = Car + Coc + KpaLpa YD)

Risk factors

Corresponding engineering design variables

Design variables relation with

Construction cost Maintenance cost

Dim tunnel environment Lighting design in tunnel

Long tunnels Tunnel length
Long tangents Tangent length
Poor ventilation in tunnel Ventilation design in tunnel
Poor vehicle stability

Poor driving consistency
Large steep slope Slope grade and slope length
Poor sight distance

Narrow shoulder width Road shoulder width

Insufficient emergency stopping strips

Pavement friction, superelevation, curve radius

Slope grade, curve radius, and roadside context

Slope grade, curve radius, and roadside context

Distance between emergency stopping strips

\/

X 2 2 2

X

2 2 2 2 2 2 2 2 2 2
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Cu (E) = Crw + Cp = Ku(Lr + Lg + Lg) + KoLt~ (8) U5 5 S AR T R ELL BTG HUSRE E (GISE),
R A BRIR A WG R (M BR b2, BEIE. BRHD)
MR & S Bt SR T E Bl g ok, s 3P
o N, H—BREAREPI R R S (FEIE DL SR HDD,
TAR PR 1 2h EE B P A @ 87 R IE A, A B
BB A ENER TR Ly L/ B R R IE 52
MK, G BN AN K Koo WA CONES
M BB DL K B B vt & S F, WA (6). B%
MEMN CRAE T2 LT (BB MANCoer T RA N
Cor) PARERTH THFE (KppLpy) MBS, HiH5 7%

] — VE L Hirpa [371MIB 9T, B B ARSEHET A, 36T 48
s 1 AL FIEALIE AL R BRI e B, A S K e

~— Curve segments E
" Tangent segments

S,

I
I a4
Horizontal alignment
i
|
I
\
I

|
| | Vertical alignment

o R AN BB B AR C BRI 2. H W 4R P AR DL R K
B2, KT RITE 2 0 R B B2 B B A, AN 2l SCA K K oo BT HF

|2 JORAREE

Design variables Symbols Description Category

Curve radius R; Curve radius (m) Local variables
Superelevation e Cross slope (%) Local variables
Lighting design in tunnel Li Tunnel lighting reflectors only = 0, General lighting system only = 1, Global variables

Enhanced lighting system + General lighting system = 2

Ventilation design in tunnel Ve Natural ventilation = 0, Mechanical ventilation = 1 Global variables
Pavement material Pa Concrete = 0, asphalt = 1 Global variables
Road shoulder width Sh Shoulder width: 1.5m=0,25m=1,3.0m=2 Global variables
Distance between emergency stopping strips  Em Distance: 500-800 m = 0, 300-500 m = 1 Global variables

z
A GIS data
Bri idge
Or g
mbankm ent

Tunnel or deep o
s

A . Bridge or Tunnel or

Legend: ./ "\~ Topography \A"Q”me"t — embankment Setea deep cuts
B3, Sl A SISV R R B . O 25 Z(Alignment) > Z(Topography), Mrmii#%ie; C(Bridge) < C(Embankment), #%%; C(Bridge) >
C(Embankment), 3. @ #Z(Alignment) < Z(Topography), B#iis#%: C(Tunnel) < C(Deep cuts), B4l C(Tunnel) > C(Deep cuts), #%, It
R, Zs ik Co EEERUR.
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RANTEPEAEN LT AT EAEATRER B R A&, F I
TEFNE BX (K112 9% F 55 BESE AR LE AT AZRS AN

FIER R, KES MR, B K, Koes Kpa
LA Ko, HSAE I € A5, ¥ B 2 vk 3848 & HUE 1
REATMA . A3 (9)~ (12) FA S fr H 2 1 %4
BANEFRITH T K o Rm i — N K, (Ky = [Kyc,
Kye, Kpn, Kol HIFEREAN A, RIPA REZR R (0 = [Li,
Ve, Pa, Sh, Em]) L “0” B} fIHAN K. MKy, Zal T
WA B (v =[Li, Ve, Pa, Sh, Em]) REL “07 ik
(RIARAN A o

Krc = Krco + K/Tc,Li + K/TCA,Ve + K/Tc,Pa + K/Tc«,Sh + ICI'CA,Em D

Ksc = Kico + Ky po + Kic i + Kac e (10)
Kpa = Kpao + Kpp pg + Kpasn + Kpagm (1D
Ko = Koo + Ko i + Ko ve (12)

TEARI Ky oMK FR B3R B2 LEA S S

2.4, AZ I8 H MR I P

N T TR e B B A B A, A A P
ITAERAE T 5@ H [F—H X 58 @ 0E B dEm
MNAZ 108 R T AR B B ) LT R s L A I AR R AR
AR, FHZ B35k, B 7 iEE
R b B R 3R 2 1) ) B R B Y (38,39 AR SR A
TR K TR % (safety performance function, SPF) 3k
PEA E— 2 B 22 4 RS Ko KU 7K P B8 302 3R
[E X N fig 5 B R4 (American Association of
State Highways and Transportation Officials, ASSHTO)
OB A B RS K B T, TR RIS T2 R
FH[40]. RS /KFeRE (41,4210 FH E %0 58 B 515 2 50
SR TG T8 B (1) A2 IR, T VEE RS A B TR
3 TR, G Interactive Highway Safety Design
Model [43], SafetyAnalyst [44]F1Crash Modification Fac-
tors Clearinghouse [45]. 2B R/ d i £ ok R ow,
RN R N v

fsa(E") —% (13)

Rebt, LRIX B eI B SR, 8ig) X

2 M R A SR B T T R R R A G e O R 2 TA) ) 4
R ARA[S):

8 = E(Y;) = eXvi = g0 %% (14

X, VNIXBAEYWESRR; X, =(1,X,, X, ..., X, )i
X B g OANEITHIREO, 1ELE3: a= (o, o, ...,
0,) FE7N AN PSR AR TR [ R EL

— BT, R YIRS I Ai[46], HTER
Var(Y) = &+ é’e, WilX B9 10 [a] A5 Ay

s o Tite e \'( &\
Pr(Yi=ylé;, e) = r@ery +1) <é + éi) <é+éi) (1

X, TR RE: eNBESE.

[ U5 2R B ol o fe R AR AL T 45, AT LUIE L SAS
B F)GENMOD 2737 1M 5E [47]. Rk, 78
Yo SPRILAY FH T-SEBrI H AT, HREAT & MaRR, e
PLA IR 2 PERI0 A5k 22 4 HT (48]

3. A - REMMIL IR FET57E

3.1, A2 ARG Ao 56

R 58 XAEn4ERR K 1) & 25 o) P i e vk 28 i) A
ARSI RN B RE R NE = (C, 1), ZHRBATLLE
RANE=(P, Lo, Gv). 1, P=(P,, ..., P)&H A K
A B =LA bR E B I PRE R Lv= Loy, .., Loy, )
THEBMRBLL k + | BB B REAREEE, Gvy
AATA X BAREENER.

NIRRT 1 A 5 22 4 00 AR AL 1) ] R IR A

min |fo, (E). fa (E)| (16)

AR T AR SCECHE P 5L AT (non-dominated
sorting genetic algorithm IT, NSGA-II) k3R it 1%t
J7%[49]. PR IR MRE T E U E AR R dE3C
BC S5 PR B o I8k FEAS [F] 2 1] LU BOX PRAS FR r
PG N T M, Rl EAREE (KXETF. B
RET BAET. BET) ERF—RHEAE[13,14,24].
B4 s 7R R a RAETR S — AR A
b 1e) 4 Sy s A AR RE, BN

e SR AT VWSO, ATV B BT AR 2 AR SO
fie. SR, HHAWOLL HER Cnd PR H FR[50]0A & A IS I



K3 BUISHEARRKIRRAL RS [5)]

Categories Variable Description
Traffic situation AADT (veh-d™) Annual average daily traffic
Driver error Li Lighting design in tunnel
L, (km) Tunnel length
Ly, (km) Tangent length
Ve Ventilation design in tunnel
Vehicle-operating AV, (km-h™) Operating speed consistency on single element, AV, =V, ,— V,, where AV is the operating speed and V is
problems the design speed in the observed segment i ’
AV, (km-h™) Operating speed consistency on successive elements, AV, ;= V., -V,
Af; Vehicle stability, the difference between the skid resistance assumed ( f;,) and demanded ( f,); Af; = (oo —fi)>
where C = 1 if pavement surface material is concrete, C = 0.5 if pavement surface material is asphalt
L, (km) Large steep slope (slope grade > 2%), L, = LG, interaction between slope grade G (%), and length of slope
segment L (km)
Sy (m) Stopping sight distance, S; = 0.278V, £, + 0.039 V. Ja, where ¢, is the brake reaction time that the AASHTO
assumes to be 2.5 s in open roads and 3.0 s in tunnels, and a is the deceleration rate (3.4 m-s ?)
Weak fault tolerance Sh Road shoulder width
Em Distance between emergency stopping strips

V,;=135.490 —7.483/R, — 1.29G — 14.427Tu — 4.083Br, where Tu(Br) is the binary variable, which is equal to 1 if the segment is on a tunnel (bridge): f;, = 0.22 — 1.79

x 107V, +0.56 x 10°V, fiy = V,/(127R) — e, where e is the superelevation.

[ HAR(17D AR, ATHEZERWOVEER R, AL
IR AR 2 7 T R BT R RIIE 25 BT A AT 0 2508
ARSI AE SR CLE— A A, AT e TR AE I 8%
(1 DRSS 3 L A

N T W E A VR R RSP, fr 22 s 7S T LR
FIIRIEHE (Dutch Ministry of Housing, Spatial Planning,
and Environment, VROM) $ZH T —% X[ 7K T F; 2 AE 24
[51,52], MiX—HEZAE G S:H00TE 78 i A5 2 1320 1) s
[53-56]. MR RHEEHN R MARE, 782 XEH
PIEE S o B H A SO N2 KUK, % SO
“AS T BE PR AN T4 58 T S T A 2 R KU K7 55, it
SITEN R [54]:

1O4Pdv 17)

Py

X, p AN NATHEZ AR Py ARSI FIINIET %, —
HEHL0.4%~10% [57-59], ASCARFHIECN10%. a N
R, WY AR IZIESD (BRIl A7) BIRHE52 X
RSP, HEUVE— B N0.01 (Al <%
MRS Z), BEA100 (AN gD 5 20 H47 1M
5, a—RECH1.0 [55]. WA NAERE, WRIETH™
L AZ I G AR R R B 2 DL T R

Pri < ps (18)

f
= \ Pareto front for tth
A n ™ — generation

k Final pareto front

'

s g < t=1
. ——®-t=2
R ~———_t=3
fp/-»/ :
7 Convergent tt='kk_1

Bl 4. 1 R AT B R

b, PO NFER B B R A F IR, B Ry T
I FHHAIIRS, (acckm-a™') KitHK:

_fﬁ_ 24><fsa><Vd

= = 19
AT 365 x AADT x L (19

Pfi

A, VoARIHEE: LATHESLKE: ATHFEE
o HIEF BN (RIA D &R AL —HB0 I [6]
(L24V) FAEZER LN OB AT, HEM WELZE S
[LETMURCMNE S ok PN A= AL

bR VAN Z RS, e (EZ0O AT 52 1R
TRV U A A7 R s e X DAt 1 2 2228 FE TR 3R . D9t



FRIXTTTHEESR, S0 2 AT 4% A [55]:
E(Ng) + Ra(Ngi) < 7 x 10~%a;Py (20)

E(Ngi) = Naif s Pay 1D

Ra(Nai) = 3Py \/Naif (1 = f5a) (22)

b, E(N) N TR B 58 4212 R IRV HE 530 1 22 i
WBET NS R, (N ) At 2 AR 3 R A T S A
B E IE; PONE RN D BEG N E K s A
HE K (PEZ81.31X10° km).

HAERFHEAR (18) 5AK (200 M, Anekk
WIE 9 RS T 452 I, T LIS

3.2, Z AT A bR S B

20 7E WA SR ATH LSRN IR SCRC AR, R T LUR AR
B S A el — Ry 58 . ARSCHRME T =F0 Tk
SRS o B — PSR L FR A i i A0 1 A KOT B AR

NEAMTT S, XA IE TR PSR 57— Sk
FEAE TSR AN i3 BT e S0l % AT . 5 = Fh
EHUSNIPEE S ulliy &g prd e RNy Enain) A (2PSE 54
PO, FAtEITRERAEART PR . SRR IE, X
SRS AR FTATIN, BRI R SR R AR 00 H HL A
THOLIMAE -

S TSV B ARSI AR, ASCIR I T — Al Tl
BRI T TT RARIE T . PR AU
PEAL B T3 B %2 2K IR AR L . 25 RS BA PR
PSR [60], W6, W RIFLRTIRAF AL — DA
a9 AL R AR PR I R

B RITHT AT A Hh &y = h(x), T EAE—
R BRSeR MORT IARE A 30 (23) 3K fg.

M. = %‘ = [P )] (23)

MIEIOFT I, FE A BRI BL, 2400 iiL br ik ad
REARE IR SR BEE ARG, 2 A res L PRk
FOBHTREAL, BHHET “07. Bk, FATE X T %2k
M bR B MM, = i, DU A RN R e

( Non-dominated solutions) f,
(i O Being
\ eliminated Personally acceptable
Personally acceptable X level of risk/socially
level of risk \ / acceptable level of risk
Risk _ -------------------------
ment .
Socially acceptable
level of risk
Residual
/L soutions
—— Within the acceptam - Q
risk level?
fco
Decision Residual solutions Elimination
making —— -
________ — ~
rd ~N
f ! ' \
T T T T / Marginal efficiency
Solution with Solution with |1 Solution with | analysis \
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Traffic situation AADT 0.935
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AV, 0.037
Af; 4.692
L, 9.473
Sy 0.091
Weak fault tolerance Sh 16.798
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Cost type Cost items Values

Construction cost Ground cut (RMB-m™) Koo =54
Ground-fill (RMB'm*) Ko =34
Base price of pavement (RMB-m ") Kpao = 8750

Base price of bridge (RMB-m™")

Base price of tunnel (RMB-m™")
Highway appurtenance (RMB-m ")
Additional cost compared to Ky, (RMBm™)

Maintenance cost Maintenance cost (RMB-m™'-a™)

Base cost of tunnel operation (RMB-m '-a™")

—1 -1

Additional cost compared to K, (RMB-m -a ")

Kyeo (H<20m)=1.6X10’

Kpeo 20 m < H < 40m)=2.0X10°
Kpeo (40 m < H < 60 m) =2.5X10°
Kpeo (60 m < H < 80m)=3.0X10
Ko =3.0X10°

Ky =7300

K¢ 1 =900

K 1= 1.52X10° (RMB per tunnel)
Ky =400

Ky py = 2430
Ky g =2250

Ky g, =1070
Ky = 457

Ky, =500

Ky =2000

Ko =200
Kp,0=3.02X10°
Kj ey = 108

H: bridge pier’s height.
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Optimal
solution 3

31.4°

31.35°

31.3°

0. A
> Preliminary Optimal Optimal
corridor solutlon 1 solution 2
iy ] Y ; : J
AN

Preliminary| Optimal | Optimal | Optimal

Alignment corridor  |solution 1| solution 2 | solution 3
Length (km) 57.04 61.63 | 62.56 59.07
Average gradient (%) 233 1.40 1.46 1.49
Average curve radius (m) 9724 823.2 | 986.2 1076.5

Ratio of bridges and tunnels (%)| 62.59 4861 | 47.76 45.52

The length of bridge (km) 6.15 955 | 944 9.20
The length of tunnel (km) 29.55 20.41 20.44 17.69
31.25° The length of road (km) 21.34 31.67 | 32.68 32.18
Construction cost (x10° RMB) 11.55 10.04 9.39 8.37
31.2° Maintenance cost (x10° RMB) 93.5 757 | 762 68.4
Annual cost (x10° RMB) 844.2 728.3 | 686.9 612.6
31.15° N N Safety performance 0.991 0.458 | 0.469 0.498
97.15° E 97.25°E 97.35°E 97.45°E 97.55° E
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