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Abstract. Over the last decade, the widely use of Building Information Modelling (BIM) has significantly
improved the efficiency of architectural, engineering, and construction (AEC) industry in China. Many
studies have been dedicated to how BIM could help in construction works. However, due to lack of BIM
application in landscape filed, limited researches could be found on how many excessive works could be
prevented by BIM and its ecological value in protecting local environment, especially for those hillside
areas with relatively vulnerable ecosystem, which covers over two thirds of the land in China. This paper
aims to set up a BIM-based landscape design workflow and examine its effectiveness in reducing
construction waste produced in design process. One project case of hillside residential district planning
design was carried out by applying the established BIM workflow, showing that earthworks were reduced
significantly, and the final net cut/fill volume was controlled at 32.45m3 after project completion.
Minimizing earthworks prevents the local topsoil and vegetation from been destroyed by unnecessary
constructions. Utilizing BIM in landscape design enables the architects to pursue a more ecological and
integrated design solution, paying more attention to the relationship between human beings and nature.

savings through prevention of error and unexpected
changes at the early stage of the project.

Cost and quality control by BIM are also receiving
increasing attention form Chinese researchers. Since
many projects have large scales and long construction
cycle, even the slightest inadvertence in design can
result in substantial economic losses. Many previous
studies are focused on evaluating construction
quantities, tracking project costs, and integrating
project information to  achieve  sustainable
management and deliveries. Series of BIM-based
software applications for further cost reduction have
been developed as well [3].

1 Introduction

1.1 Background information

According to the British Standards Institution,
Building Information Modelling (BIM) is defined as a
“digital representation of the physical and functional
characteristics of a building over its life cycle” [1].
BIM integrates all the data and information related to
the project or being created during AEC projects life
cycle and presents them and their relationships in
standardised and dynamically updated digital 3D
models. It has significant advantage in cost control
and collaborative work among project participants,
and could be used not only for design, but also for
calculating workload, simulating construction, project
maintenance and so on.

1.2 Research problem

However, compared to building and municipal

As a country with substantial construction needs,
China has rapidly spread BIM application in AEC
industry over the last decade. According to China
Construction Industry Association's BIM Application
Analysis Report for Chinese Construction Enterprises
(2019), nearly 80% of construction enterprises have
applied BIM, with 57.82% of them having used it for
more than 3 years [2]. From 2015 to 2020, BIM in
China has also developed into in-depth level, showing
its great advantage in resource integration and work
collaboration in successfully constructing several
mega engineering projects such as the Hong Kong-
Zhuhai-Macao Bridge, which makes significant cost-

construction area, the landscape architecture is still at
the exploration stage of BIM application in both
practical and research field. From 2010 till now,
several Chinese researchers have tried to apply BIM in
various scenarios such as terrain modelling, planting
design and crush check, and recognised that BIM
could also benefit landscape industry in efficiency and
effectiveness improvement [4]. Nevertheless, there is a
lack of quantitative evidence to demonstrate how and
to what extent BIM helped in those improvements by
optimizing design solutions, and the following
problems in current landscape design projects need to
be solved by implementing digital technologies.
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Firstly, in traditional landscape design, because of
the insufficient environment data as well as the
technical limitations of 2D drawings, there is often
difference between maps and the real terrain, which
could cause errors in subsequent design and earthwork
volume calculation, especially in areas with complex
terrain. As a result, architects tend to carry out more
site formation works to avoid the complexity of
subsequent works, regardless of whether this is
excessive or not according to local environment
condition. However, extensive earthworks could lead
to a significant increase in workload and project costs,
and more importantly, they may damage local topsoil
and vegetation, especially in ecologically fragile
hillside areas.

Secondly, in the early stage of traditional design
workflow, people are usually unable to obtain detailed
information such as workload and cost estimation,
therefore neither could they make comprehensive
comparisons between different plans, nor adjust
designs and check the effect timely. Ultimately, lots of
design problems are not discovered until the late stage
of the project, or even just before being delivered for
construction. In addition, most of traditional design
output are delivered by 2D drawings. Although a few
of them may be presented by partial and static 3D
models, it is still relatively difficult for non-
professionals, such as project owners, to understand
the design concept and design effect directly. The
communication inconvenience leads to a negative
impact on project quality and schedule, and extremely
high cost of rework.

1.3 Research objective

On the bases of related researches carried out in the
past decades, this paper aims to demonstrate the
monetary and ecological value of BIM through
exploring solutions to the above problems. The
objective of this study is to examine the effectiveness
of BIM in improving the ecological value of landscape
design by providing scientific design solutions based
on quantitative analysis, reducing excessive
construction works, and raising working efficiency
and visualisation level during the project life cycle.
BIM integrates and analyses large sets of data and
other project related fields, providing scientific
guidance for people to make better decisions [5]. The
architects no longer work solely based on their own
experience and several standards or rules, instead they
could have more in-depth understanding about the
environment. BIM does not only provide quantitative
data analysis to support designs, but also enable a
more reliable perception about the cost and effect of
the project, facilitating advanced necessary
modification and improvement, controlling total cost,
and creating more social and economic benefits. Only
if a project design shows respect to the local
environment and takes ecological effect into
consideration at the very beginning of the project, the

benefits it brings could be sustainable, including
reducing the maintenance cost in the long run.

2 Research method

This research first establishes and applies a BIM-
based landscape design workflow in one hillside
residential district planning design case study, and
then compares the earthwork volume between BIM
and traditional design methods.

2.1 BIM modelling software selection

Autodesk Civil3D is used as the main platform in the
case study. Civil 3D is an efficient BIM software
widely applied in  municipal infrastructure
construction. It enables architects to generate 3D
terrain quickly and accurately, and analyse spatial
expressions such as elevation, slope, watershed area
and so on. Since it creates dynamic correlations
among different design elements, any design
modifications could be updated simultaneously, which
reduces the design workload significantly [6].
Therefore, when topographic data or design
parameters changes, Civil 3D could also provide
accurate earthwork volume and related cost
calculations as well as detailed diagrams, allowing
architects to optimise their solutions and make
decisions based on those data.

2.2 BIM workflow

Based on the selected platform, a BIM workflow is
established to help the architect complete works
effectively by digital cooperative design tools. Unlike
traditional workflow, there is no obvious distinction
between design stages in a BIM workflow such as
concept design or preliminary design. Instead,
architects from various industries work on one single
model simultaneously, to which information and
design details are added and updated continuously.

2.2.1 Information collection and terrain model
construction

The core value of BIM workflow is information flow.
Before the design works begin, a comprehensive
database is required to help the architect understand
the design environment. To minimise ecological
damage, environmental characteristics such as
topography, sunlight, soil and hydrology should be
carefully collected and classified in BIM software, and
finally integrated to simulate an accurate digital terrain
model, illustrating the actual situation of the
construction site based on the collected information.
These data, together with site drawings and field
research information, becomes the basis for the
following parametric analysis and planning design.
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2.2.2 Quantitative analysis and design

The constructed terrain model and related database
provide quantitative support for deciding and
modifying the design plans. For example, the architect
could choose to display site information such as
contour, slop, water flow direction and so on together
in both 3D model and detailed tables. Any information
added on this terrain model directly lead to changes in
environmental data and will be updated in database
and immediately presented in BIM model. Therefore,
BIM assists architects to analyse the environmental
influence of each design plans, compare the pros and
cons between each plan, and finally make better
decisions based on characteristics of the site and
environment [7].

2.2.3 Make modifications and calculations

During the design process, modifications about design
details could be made continuously according to any
changes in the project, and those changes are
immediately updated and automatically synchronised
with both 3D models and 2D drawings. In traditional
workflow, earthwork calculation, construction
simulation and drawings delivery used to be repetitive
and time-consuming, since scattered and isolated
information often leads to rework for updates and
corrections. In BIM workflow, data extracted digital
model makes these works more convenient and
accurate. Besides, while the project is about to deliver
to construction, the architect can display a relatively
reliable design effect of the work, reducing the gap
between expectations and actual effect, and check if
all the requirements have been satisfied

3 BIM application case study

The hillside residence district planning design project
is located in north western suburbs of Beijing, which
covers an area of 22.8km?. The altitude is between
937m and 979m with a relative height difference of
42m. The application of the above BIM workflow is as
follows:

Based on mapping drawings and field investigation
data, the architect firstly modifies and inputs those
data into Civil 3D, converts various forms of terrain
data into 3D terrain with elevations, and then creates
the Digital Elevation Model (DEM) of design site in
BIM system as shown in Fig. 1. After the model has
been generated it also needs to be checked and refined
as necessary. Since Civil 3D is flexible to accept a
wide range of data to create the terrain model, and its
data is stored and processed in triangulated mesh
mode for editing or computing, it provides more
accurate design reference than traditional drawing
software does. In addition, one could also adjust the
coefficients for the different types of soil, thus setting
corresponding rules for the earthwork calculation in
advance.

Fig. 1. DEM generated by elevation points

As the terrain surface model is generated, series of
quantitative analysis of the surface properies could be
carried out to support decision-making in planning
design. In this case, the architects carefully process
and examine the visualisation results of slope,
catchment and other parameter analysis according to
design regulations and other requirements as needed.
For example, Fig. 2 shows the slope analysis result of
the original terrain, attached with an automatically
generated table summarizing minimum  slope,
maximum slope and sum of 2D area of this site (Table
1). Since areas with a slope higher than 25%, which
count for 39.6% of the total area, are protected from
utilisation, designs are to be made upon 60.4% of the
total area. Also, the drainage area analysis divides the
terrain surface into different areas and displays
information such as drainage boundaries and
corresponding areas, making it easier for the architect
to carry out subsequent drainage designs. The model
presentations along with statistical tables enables
subsequent design work such as road design to be
more appropriate and efficient, and also provides
reliable references for earthwork calculation later. As
a result, the architect has a comprehensive
understanding of the environment and more detailed
considerations about design incorporated with nature
at the early stage of the project.

Fig. 2. A visualisation result of slope analysis
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Table 1. Slope and areas statistics architect to backfill the soil in the following landscape
Stope Area (@) Percentage de.s%gn.', improving the efficiency of resource
utilisation.
<3% 2703.59 11.8%
3%-10% 5601.60 24.5%
10%-25% 5510.62 24.1%
25%-50% 4236.42 18.5%
50%-100% 4106.46 18.0%
>100% 693.83 3.0%
Total 22857.52 100%

The powerful data processing capability of BIM
helps architects to obtain more information during the
design phase, which could be updated at any time and
carried forward into the construction phase. Based on
the analysis results, the architect could conduct
designs directly on the terrain surface with related
engineering data calculated automatically, which
enables quantitative comparisons between different
plans. Since each object with its information in BIM is
dynamically connected to others, whenever any
changes are made in design, the BIM model could be
updated automatically, and related graphics and
diagrams maintain consistent with the design solution,
which not only improves work efficiency, but also
reduces the chance of error occurring. Besides, one
could also review the designs from different viewpoint
and make modifications as needed, while the changes
made could be synchronised to the information model.

Fig. 3 shows BIM building design in this case.
Using slope grading function, the architect sets
grading criteria and generates expected earthwork
volume automatically. Based on this information, one
could view the expected amount of cut and fill volume
for current slope design plan, which could be modified
by adjusting design factors such as elevations and
grading measures. In this case, the total building area
is 2,652.65m? with a slope under 10%. The levelled
land area is 2652.65 m?, with 740m? of excavation and
726m? of infill, giving a net cut/fill area of only 13m?.

Fig. 3. Building design based on terrain surface

In road design, the architect could draw the road
plan and road profile directly on the terrain model,
then complete road assembly by selecting lanes, road
shoulders and other components from Civil 3D's road
component library, and finally create a road BIM
model with graphics plotted as Fig. 4. At the same
time, the earthwork volume calculation for road design
could also be computed efficiently, enabling the

Fig. 4. BIM road design

The accuracy of earthwork volume calculations
has a significant impact on project economic
efficiency. Traditional calculation methods are usually
based on calculus principles and might lead to greater
errors when the terrain is complicated. In BIM
workflow, the earthwork volume is automatically
computed based on the elevation of original terrain
and design model, and the effect after construction
could also be simulated according to the design plan.
The architect could check the earthwork volume for
roads and site design with one click and adjust the
plan according to the result to balance the cut and fill
volume, reducing the damage to the environment. For
example, according to simulation result, the
differences between original terrain and design surface
area of the preliminary design plan is estimated to be
7,763.98m?, which is much higher than expectation
and would cause great earthwork volume in
construction, the architect then takes various measures
such as replacing the retaining wall to modify the plan.
After continuous adjustment and comparison, the
surface area differences have been reduced to
653.45m? in the final design plan, and the detailed
terrain surface area statistics for different levels of
slope is shown in Table 2. According to the actual
statistics in construction phase, the final cut/fill
volume of this project is controlled at 32.45m>, and the
difference between estimated and actual volume of
earthwork is only 17m3, which is hardly to achieve
using traditional design tools. The BIM model could
also provide continuous support for construction,
operation and management stages of the project.

Table 2. Surface area differences

Original Design Differences
Slope surface surface 2
area (m? area (m?) (m?)
<3% 2703.59 5708.01 +2703.60
3%-10% 5601.60 5192.46 -408.54
10%-25% 5510.62 4219.00 -1291.62
25%-50% 4236.42 2996.41 -1240.01
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50%-100% 4106.46 3926.91 -179.55 Institute Co. Ltd., grant number YQ69Y 19410.
>100% 693.83 1766.40 +1069.57
Net +653.45
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