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Gentle slope design indexes of long downhill in mountainous expressway
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Abstract: In order to clarify the design criteria for extended downhill grades on mountainous
highways in China, with a primary focus on articulated six-axle trucks, an analysis was conducted
based on the principles of vehicle dynamics. The acceleration characteristics of trucks descending

long slopes was examined, using engine-assisted braking and the heat dissipation characteristics
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of brake hubs. Initially, mechanical equilibrium equations were formulated, and a gear-speed-
critical gradient model was developed to determine the critical gradient for gentle slopes under
various speed and gear conditions. Subsequently, considering the design constraints of highways
in China and the operational characteristics of trucks, the critical gradients corresponding to the
12th and 11th gears were adopted as the control indicators for highway gentle slope design. The
design criteria and methods for continuous downhill and gentle slope sections were proposed.
Finally, utilizing an entry speed of 70 km/h as an example, a comparison was made between the
gentle slope length criteria obtained based on speed reduction and temperature reduction
characteristics. Additionally, an analysis was performed, combining the results with an optimized
design of a highway in the Southwestern Mountainous Region. The results show that introducing
gentle slope sections between continuous long downhill segments contributes to brake hub
temperature reduction and restoration of truck braking performance. Based on speed
characteristics, different gentle slope lengths are determined for speed reductions of 10 and 20
km/h under varying gentle slope gradients. The gentle slope length based on temperature
characteristics is calculated under the least favorable condition of brake hub failure temperature at
260 ‘C, considering different operating speeds and temperature reduction values. The gentle slope
length obtained based on speed reduction characteristics provides valuable guidance for
longitudinal slope design, while the length obtained based on temperature reduction
characteristics, although relatively large, is not suitable for design but can be used for
evaluation. The continuous downhill and gentle slope design-evaluation process is summarized.
Using a highway in the Southwestern Mountainous Region as an example, the analysis reveal that
reasonable values for the gradient and length of gentle longitudinal slopes effectively improve
brake hub temperatures and enhance the safety of vehicles traveling on continuous long downhill
segments. 6 tabs, 7 figs, 34 refs.
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Tab. 1 Critical slope values

. R F R 7 Clm = b ) F G S8/ %

Ht 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
12 1.7 1.7 1.7 1.8 1.8 1.9 2.0 2.0 2.1 2.2 2.2 2.3
11 1.7 1.8 1.9 1.9 2.0 2.1 2.2 2.2 2.3 2.4
10 2.0 2.1 2.2 2.3 2.4 2.4 2.5 2.6
9 2.5 2.6 2.8 2.8 2.9
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Tab. 2 Transition slope gradient indexs in continuous downhill slope

Beit g /

AT (km o« h™ D F R % /%

(km+ h™1) 40 45 50 55 60 65 70 75 80 90 100
120,100 1.7 1.7 1.7 1.8 1.8 1.9 2.0 2.0 2.2 2.3
80 1.8 1.9 1.9 2.0 2.1 2.2 2.2 2.3 2.4
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Tab.3 Transition slope length at different entry speeds
BN 10 km + h™? VB 20 km o« h™?
WHE/ % AN A EE (km « h™ D S K /m AN A EE (km « h™ D S HK /m
50 60 70 80 90 50 60 70 80 90
0.5 180 230 290 350 365 330 435 560 675 715
1.0 240 310 400 485 515 445 595 785 960 1025
1.2 270 360 475 580 615 515 700 935 1160 1240
1.4 320 430 575 715 760 610 845 1160 1460 1570
1.6 310 475 635 825 1065 785 1110 1465 1 890 2 060
1.7 335 530 725 955 1240 865 1250 1680 2 195 2 400
1.8 370 595 835 1130 1485 965 1435 1965 2 615 2 870
1.9 410 685 995 1385 1 850 1095 1 680 2 380 3235 3575
2.0 465 805 1220 1790 2 455 1270 2025 3010 4 245 4 735
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Tab. 4 Corresponding to transition slope length when

initial temperature is 260 C

il 20 %% K 1L 1) ANFIEATHBE (km « h™ D S K /m

e/ C 40 50 60 70 80
250 860 885 910 935 960
240 1715| 1765| 1815| 1865| 1920
230 2575 | 2650 | 2725| 2800 | 2880
220 3435| 3530| 3630| 3735| 3840
210 4295 | 4415| 4540| 4670 | 4800
200 5150 | 5300| 5450| 5600 | 5760
190 6010 | 6180 | 6355| 6535| 6720
180 6870 | 7065| 7265| 7470| 7680
170 7730 | 7950 | 8170 | 8405 | 8640
160 8585 | 8830 | 9080 | 9335| 9600
150 9445 | 9715| 9990 | 10 270 | 10 560
140 10 305 | 10 595 | 10 895 | 11 205 | 11 520
130 11165 | 11480 | 11 805 | 12 140 | 12 480
120 12 020 | 12 360 | 12 710 | 13 070 | 13 440
110 12 880 | 13 245 | 13 620 | 14 005 | 14 400
100 13 740 | 14 130 | 14 530 | 14 940 | 15 360
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Fig.5 Horizontal and vertical sketch of continuous downhill section of recommended scheme
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Tab.5 Test vehicle parameters

K| DFLA251AL5| % 5E (e K D) 3R) /kW | 331/323
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(r * min)

K A 42 51 5
* TR 40 000 BT Gl kg 48.78
it/ kg
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Fig. 6 Measurement and analysis of temperatures of truck brake
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Tab. 6 Scheme optimization and adjustment
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Fig. 7 Comparison of temperature rise of truck brake (recommended scheme-optimization scheme)
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