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Abstract: To reduce the safety hazards associated with brake failure of heavy trucks on low-grade

Y55 B H#:2025-12-01
BT )14 3888 iR T H (2023-A-04) 5 Hh s @ A8 S AR L 55 2% & W%t 4: 7 H (300102215206) 5
PG 22T A 2 B MR JE G T H (25GL123) 5 BP9 4 4 2B 36 4 T H (2025R018)
EE® N0k J0(1981-), B WIIEHE AN, #4Z, T4+, NS 538 & 4 538 U7 AL 5T . E-mail : zhangchi@chd. edu. cn.



14

K& RFFHRDRHAF RO

highways, this study took a heavy truck as the research object to investigate the coupling
relationship between braking behavior and brake drum temperature rise characteristics based on
real-vehicle test data. On this basis, a reliability model for longitudinal grade design of low-grade
highways was developed, and scientifically justified recommended lengths for continuous downhill
sections were proposed. A typical class IV low-grade highway in a mountainous region of western
China was selected as the test section, and a six-axle semi-trailer truck was used as the test
vehicle to collect brake drum temperature and pedal displacement data. A braking intensity index
was constructed to quantify the driver’s braking behavior, and regression analysis was employed
to establish the models of the influence of horizontal curve radius and longitudinal grade on
braking intensity, thereby analyzing the combined effect of horizontal and vertical alignments on
braking behavior. Subsequently, macroscopic and microscopic temperature gradient evaluation
indices were introduced to characterize the brake drum temperature rise rate at the slope-segment
scale and instantaneous scale, respectively. A coupled regression equation between the braking
intensity index and the microscopic temperature gradient was established. The temperature rise
characteristics influenced by braking behavior were then incorporated into the limit state function
to construct a reliability model for longitudinal grade design. Using the Monte Carlo simulation
method, the brake drum temperature rise process under different combinations of grade, slope
length, and proportion of sharp horizontal curves was simulated, yielding corresponding
reliability indices for slope length. Critical slope lengths for each grade that meet a reliability
requirement of 0. 8 were proposed. The results show that: on sharp horizontal curves, the
braking intensity index is significantly negatively correlated with the curve radius. whereas this
correlation weakens on gentle curves, where braking behavior is predominantly influenced by the
longitudinal grade; a significant linear relationship exists between longitudinal grade and braking
intensity index; the macroscopic temperature gradient is positively correlated with the grade,
with a marked increase in temperature rise rate when the grade exceeds 3% ; the microscopic
temperature gradient also exhibits a significant positive correlation with the braking intensity
index; under the condition where the proportion of sharp curves increases from 5% to 20% , the
reliability decreases more rapidly with longer slope lengths and steeper average grades. 6 tabs,
15 figs, 31 refs.
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Fig. 1 Schematic diagram of horizontal and vertical alignments and facilities for test road section
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Table 1 Horizontal curve statistics
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I/ ICFN

1 (0,1] 46. 40 263.8 12
2 (1.2] 74.20 182.4 16
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9 (8.9] 41. 80 124.2 11
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Fig. 3 Schematic diagram of test instruments and their installation positions
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Fig. 5 Regression analysis of circular curve radius and braking intensity index
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Fig. 7 Heatmaps of spatial distribution of braking intensity index by clustering
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Fig. 8 Variations of braking intensity index and temperature gradient
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