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Intelligent design method of subgrade retaining based on Bentley

TANG Hongwei!, GENG Xinyu!, CHEN Hongtuo?, TAN Hongcan?, Lin Jiarui?

(1. PowerChina ZhongNan Engineering Corporation limited, Changsha 410014, China;

2. School of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: [Objectives] With the rapid development of informatization and digitization, traditional 2D design method is difficult to meet

the requirements of tight time limitation and lifecycle modeling management, and manual assignment of model properties is rather

complicated and time-consuming for designers. To improve the inefficiency and inconvenience of manual retaining design, and to

enrich incomplete information generated of existing BIM software, [Methods]this paper summarizes boundary condition and process of

deploying retaining according to specification, and studies the delivery requirements of BIM information as well as the challenges of

traditional design software. Then, intelligent algorithm for deploying retaining is proposed, with which the condition for placing

retaining can be checked on each station along the path. Automatic matching of types and heights of retaining, bottom slope smoothing,

and merging of different segments are also achieved. A retaining software plug-in is redeveloped based on OpenRoads Designer of

Bentley platform for validation and application. National standard drawings and structural size of subgrade retaining are embedded in



the system, which guarantee the structural security of the wall. The continuous highway is discretized into station sequence, dichotomy
is used to rapidly find the most suitable height on each section in consideration of flap width and buried depth requirement. Location of
retaining is filtered by side slope height along the highway to optimize the construction cost, various types of retaining contained in the
software can be selected by custom priority, subgrade retaining walls are divided into different parts according to length and bottom
slope restriction. Bottom edges of generated segments are finally readjusted to linear or stair-stepping state, and height of each section is
recalculated due to the measure, thus, one-click intelligent design of subgrade retaining is completed. [Results]Several products are
obtained by the system, including:1) Plan, elevation and cross section drawing of each retaining segment, comprised of graphic shapes
and size dimensions; 2) detailed-items-contained Engineering quantity sheets; 3) 3D retaining models attached with information in
Level of Details (LOD) 3.0. The output provides accurate results and fulfills the industrial requirements, and can be further utilized in
whole process management of construction, operation and maintenance. The method is validated by a practical highway project with
total length of 13.4 kilometers, compared results with HintCAD (a popularly used software in highway) show that: 1) Deviation is less
than 6% on total retaining length, gravel inverted filter layer, geotextile and earthwork volume, due to the ignorance of geology and
environmental sensitive area, and terrain-calculation difference between 2D and 3D method; 2) Error of average retaining height and
concrete volume is less than 12%, which is caused by manual and conservative bottom handling method. 3) the precision accuracy is
fully acceptable for engineering projects on preliminary design stage. 4) calculated results can be further modified by users to fulfil the
design intent. [Conclusions] Thus, this method offers a better option for retaining design and deployment and improves significantly on
design efficiency, 3D visualization and property information compared with current design approach, which contributes to 3D forward
design in railway and highway projects.

Key words: road engineering; retaining design; secondary development; BIM design; OpenRoads Designer; digitization; intelligentization



