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Fig.1 Cross section of culvert (unit: cm)
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Fig.2 Variation of concentration factor of

vertical earth pressure with height of fill
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Fig.3 Distribution of vertical earth

pressure on top of culvert
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Fig.4 Variation of stress of arch ring with height of fill
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Fig.5 Culvert model under high embankment

and boundary conditions
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Fig. 6 Variation of concentration factor of

vertical earth pressure with height of fill
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Fig.7 Equivalent line of vertical

displacement of fill (unit; cm)
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Fig.8 Equivalent line of vertical earth pressure

on top of culvert (unit: MPa)
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Fig.9 Distribution of stress of arch ring (unit: MPa)
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Field Test and Numerical Simulation of Mechanical Characteristic

of Culverts under High Embankments

ZHAO Jian-bin, SHEN Jun-min, DONG Li-shan

(Key Lab of Highway Construction & Maintenance Technology in Loess Region, Shanxi Transportation Research Institute,

Taiyuan 030006, China)

Abstract. Based on the project of the culvert under high embankment in the expressway from Kelan to Linx-
ian, the vertical earth pressure and the stress of the culvert arch ring are monitored by the field tests, and ac-
cording to the monitoring results, the analysis on the distribution characteristics and variation laws are conduc-
ted. Meanwhile, in order to verify and study the monitoring results, a 3D finite difference model has been
built to obtain the stress and displacement fields of the high fill embankment. The results show that. the stiff-
ness difference between the culvert and the fill is the main reason of the concentration of the vertical earth
pressure on the top of culvert, and the concentration factor increases significantly with the height of the fills in-
creasing at the early stage, then it remains stable; the maximum tensile stress is present to the vault of arch
culvert, while the maximum compressive stress between the haunch and the skewback of the arch ring; in or-
der to avoid cracking, it’ s proposed that the arch ring should be reinforced because of the high fill loading on
the top of culvert; the slope can share a part of the fill load, leading to the offset load effect to the structure of
the culvert, which must be noted when it is constructed near the slope.

Key words: road engineering; vertical earth pressure ;concentration factor; culvert; offset load effect



