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Table 1  Continuous longitudinal slope index
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Fig.3  Composition of national highway freight
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Table 3 Results of correlation test between displacement strength

coefficient and longitudinal slope
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Fig. 10 Cumulative frequency distribution of displacement

strength coefficient
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Table 4 Displacement strength coefficient grading table
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Fig. 11 Result of the displacement-strength coefficient-

temperature gradient regression and residual analysis
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Table 5 Results of correlation test between displacement strength

coefficient and brake hub temperature gradient
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Table 6 Results of various distribution tests
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Fig. 12 Distribution of displacement intensity coefficients at

different slopes
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Fig. 13 Fitting results of GaussAmp distribution of displace-

ment strength coefficient
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Table 7 Fitting results of different braking duration ratios
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Fig. 14  Brake hub temperature reliability at different gradients

and braking ratios
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Table 8 Simulated critical slope lengths for each slope at reli-
ability 0. 95
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Table 9  Comparison of normative slope length and simulation

test slope length reference values
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Research on Average Longitudinal Slope Length of Expressway Based on
Braking Behavior

ZHANG Chi' GUO Tingyu' HU Ruilai® GAO Yanyang' ZHOU Yuming'
(1. School of Highway, Chang’an University, Xi’an 710064, Shanxi, China; 2. Broadvision Engineering Consultants Co. ,
Ltd. , Kunming 650041, Yunnan, China)

Abstract: Excessive temperature of the truck brake hub is a primary factor leading to brake failure. To enhance
the safety of trucks traveling on continuous downhill sections, this study refined the average longitudinal slope de-
sign parameters and investigated the correlation between driver braking behavior and the temperature rise characte-
ristics of truck brake hubs. Based on driver braking behavior, it proposed a reliability design method for longitudinal
slope length. Firstly, a continuous downhill section of an expressway in the western mountainous area was selected
for real vehicle test, and the road longitudinal slope parameters and driver braking behavior data were collected.
Secondly, according to the measured data, the evaluation indexes were proposed: displacement intensity coefficient
and brake hub temperature gradient. This study investigated the relationship between displacement intensity coeffi-
cient and road profile, both longitudinal and transverse, as well as the relationship between displacement intensity
coefficient and brake hub temperature gradient through regression analysis. Finally, a reliability model was con-
structed based on the driver’s braking behavior and critical temperature. Using the Monte Carlo simulation, critical
slope lengths corresponding to different average longitudinal slopes on continuous downhill sections were deter-
mined and compared with the specification. The results indicated that there is a weak correlation between the ra-
dius of the circular curve and the displacement intensity coefficient, while there is a significant positively correla-
tion between the longitudinal slope gradient and the displacement intensity coefficient, and the goodness of fit r* is
0.95. When the longitudinal slope gradient is greater than 2%, the braking measures taken by drivers are mostly
sustained braking, which is more different from the braking behavior of drivers mostly taking point braking when the
longitudinal slope gradient is less than 2%. The displacement intensity coefficient and the temperature gradient of
the braking hub are significantly positively correlated with the goodness-of-fit r* is 0. 845. When the proportion of
the driver braking for 85%, the braking behavior of the driver at this time with the specification of defining the con-
ditions of the slope length is basically the same. When the reliability is 0. 95, the average longitudinal slope is
2.1%~3. 0%, and the critical value of the continuous slope length is 14. 95~30. 12 km. The given reference values
take into account the randomness in the real driving environment, and provide a basis for the design of the slope
length with an average slope of less than 2. 5%.

Key words: road engineering; braking behavior; displacement strength coefficient; reliability; critical slope length
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