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Abstract: Subjected to geographical and economic constraints, the construction of mountainous expressways
inevitably involves continuous downhill sections, among which the longitudinal-transverse combination section places
higher demands on vehicle stability and safety. In order to analyze the driving safety in continuous downhill sections
of mountainous expressways, a driving simulation experiment was constructed at a design speed of 80km/h at
different positions and under different longitudinal-transverse combination conditions in a continuous downhill section
by utilizing the data from a southwestern mountainous expressway. The comprehensive evaluation index was derived
according to psychological data of drivers, vehicle speed variation data and lateral deviation data. Subsequently, a
correlation analysis between the comprehensive evaluation index and the horizontal curve radius and longitudinal slope
was carried out. Then, the threshold value was divided and evaluated through the cumulative frequency graph. A
driving safety evaluation method for continuous downhill sections based on longitudinal-transverse combinations was
proposed, and based on the proposed evaluation method, the recommended values for the longitudinal-transverse
combinations design at the crest, middle, and bottom of slope of the continuous downhill section were proposed.

Finally, the proposed evaluation method was applied and validated by taking a certain expressway in the
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southwestern mountainous region as an example. The research results indicate that the proposed method can serve as

an effective reference for evaluating the driving safety of continuous downhill sections of expressways.

Key words: highway engineering; continuous downhill of expressway; longitudinal-transverse combination; driving

safety; evaluation method
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Table 1 Continuous downhill road parameters
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Fig. 1 Unit database of road section
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Fig. 2 Proportion of longitudinal-transverse combination sections
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Fig. 3  Distribution of longitudinal-transverse combination sections
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Table 2 The average slope and continuous slope length of
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Fig. 4 Indicator variation conditions changing with driving time
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Table 3 Simulation experiment schemes
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Table 4 Basic information of experimental drivers
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Fig. 5 Schematic diagram of extreme variance analysis
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Table 6 ANOVA results
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Table 7 Results of extreme variance analysis
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Fig. 6 Correlation fitting
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Table 8 Driving safety evaluation model of continuous downhill

longitudinal-transverse combination sections

(AT G PR R?

Hyy 5 =0.746-0.034i+4.99x 10 R-0.005i* - 1. 87x
BT 0.975
1077 R*+2.49%107%iR

Hyy o =0.752-0.044i+4.95x 107 R-0.003;% 2. 04 x
Y 0.984
1077R*+3.21x107%iR

Hyyye =0.769-0.066i+5.04x 107 R-0.002i% - 2. 18 %
B350 ' 0.973
1077 R*+4.41x107%iR

B 7 3D iFMEEFIEHE

Fig. 7 3D evaluation model and its profile
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Table 9 Driving safety level classification of continuous downhill

longitudinal-transverse combination sections

TR A
fE H<0.796
BAER 0.796<H<0.866
— 0.866<H<0.988
B4 0.988<H<1.026
s H>1.026

3.4 EZETHTINEGEEIZITEWNE

FRIGZE A VEH 36 FR R E 0.796,0.866.,0.988
1.026 X PFp A5 7R 6 A 4 ) ) T AL 2, A ET 9, PR A
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Fig. 9 Safety level classification profile
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Table 10 Recommended general value for the design of

continuous downhill longitudinal-transverse combination sections

R RIHAE %
A% /m

T Yerp 579
400 1.65 1.47 1.38
450 2.13 1.93 1.73
500 2.58 2.36 2.10
550 2.98 2.77 2.45
600 3.36 3.17 2.81
650 3.71 3.55 3.17
700 4.05 3.92 3.53
750 4.36 4.27 3.88
800 4.65 4.61 4.24
850 4.93 4.92 4.58
900 — — 4.93

F11 EFETHPNEEHERGITENRRE

Table 11 Recommended limit value for the design of continuous

downhill longitudinal-transverse combination sections

TR ME %
F42/m

£ i E571e
300 2.33 2.14 1.89
350 2.78 2.60 2.24
400 3.21 3.03 2.63
450 3.60 3.44 3.00
500 3.97 3.83 3.37
550 4.32 4.23 3.75
600 4.66 4.59 4.12
650 4.97 4.95 4.51
700 — — 4.87
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Fig. 10 Schematic diagram of a continuous downhill section of

a certain expressway in the western mountainous area
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Table 12 Driving safety evaluation results of a continuous downhill longitudinal-transverse combination section of a certain expressway in

the western mountainous area

e KE/m P/ m W%  TEREY FHEUE || E KE/m Frm P BEREY  FHBBUER
96.80 820.00 0.500 WRs 0 244.67 442.18 2.950 BAEI 1
210.55 645.28 2.945 — 2 80.00 1172.21 3.975 — 1
272.02 500.00 2.945 L2y [EN 92 1 s 271.70 876.93 3.975 — i 2
341.90 500.00 3.950 e 1 189.27 876.93 2.956 — 2
448.80 749.84 3.950 — 2 177.00 2 500.00 4.000 G4 0
e 310.00 684.93 3.950 BAER 0 251.17 720.00 2.889 — i 1
210.21 684.93 2.200 — i 1 219.72 720.00 4.028 BAE 2
478.58 653.40 3.950 L3y (e 74 2 212.14 640.00 2.950 — i 1
95.00 1255.13 1.511 e 1 441.34 2 500.00 2.980 YL 1
340.00 875.21 3.950 — i 0 672.59 1 000.00 4.000 — 1
386.96 516.59 1.080 — % 2 eI 361.28 400.00 4.000 el 2
426.77 1 600.00 1.080 e 0 635.16 400.00 2.980 y[o] 5 6
142.43 1 600.00 0.500 L3 e o 1 219.69 400.00 4.000 [ 153 1
a 749.26 1 700.00 2.600 L3I o 0 469.86 511.97 4.000 1 6
124470 2200.00 2.600 b 0 270.64 650.00 1.500 — 2
390.00 442.18 3.975 ek 2 719.26 720.00 1.500 — i 4

#13 BEMURESHEEZETHTFAESEREZETFNE RS
Table 13 Statistics of safety evaluation results of a continuous downhill
longitudinal-transverse combination section of a certain expressway in

the western mountainous area

gt - T — -
fak  BER R BEL Ke

P 1 4 12 5 5

HEwe Wb 1 4 9 2 2
Yo 6 8 10 1 4

EN O 28 30 42 9 7
BEBCA B/ km 2923  5.061 10.847 2.697 4.111
IR/ GE/km) 9.578 5928 3.872 3.337 1.703
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