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Abstract 

 
This paper aims to propose a process to efficiently integrate and manage architectural and civil data in the design and construction stages 

of architecture, engineering, and construction (AEC) projects using building information modeling (BIM) and civil information modeling 

(CIM) technologies. The proposed method helps practitioners to understand complex geometries and unknown spaces of AEC projects 

by producing accurate integrated models, thereby reducing the number of design and construction errors detected on site and improving 

the process of decision making. It can integrate drawings of architectural and civil elements, drawings and maps of geology and topogra-

phy of earth, 3D survey results, and other measured data. In order to validate the applicability of the proposed process, it was applied to 

the Gwangmyeong Cave project in South Korea. In the case, dozens of GB of 3D survey data were successfully converted to a less than 

100 MB BIM model.  
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1. Introduction 

The United States (US) Bureau of Labor Statistics ranks the archi-

tecture, engineering, and construction (AEC) industry as having 

the lowest level of data usage and low productivity growth out of 

17 US industry sectors [1]. Moreover, the overall digitalization 

level of the AEC industry is also the lowest except for the agricul-

ture and hunting industries [2]. There are still overlaps of, dupli-

cated uses of, and dependencies on data since various project par-

ticipants, such as architects, builders, structural engineers, and 

civil engineers, participate in an AEC project [3]. Consequently, 

the cost of inadequate interoperability in the US capital facilities 

industry is estimated to be US Dollar 15.8 billion per year [4]. 

 

To improve the digitalization level and reduce the cost caused by 

inappropriate data exchange in the AEC industry, efficient data 

integration methods for projects are required. Since architectural 

and civil data are fundamental in the design and construction stag-

es of AEC projects, from the perspective of the file sizes of data 

and the frequency of data usage, they should be integrated for 

efficient data management.  

 

However, several challenges exist in integrating architectural and 

civil data in the design and construction stages of AEC projects. 

First, analogue data, including pictures and hand drawings, should 

be converted to digital data. Second, due to comparability issues 

between different types of digital data, including maps of the ge-

ology and topography of the earth, architectural and civil drawings, 

two-dimensional (2D) and three-dimensional (3D) survey data for 

civil and architecture works, building information modeling (BIM) 

models, civil information modeling (CIM) models, etc., it is diffi-

cult to convert and integrate them into data models. Third, the 

tolerances of civil data are different from those of architectural 

data. For example, contour intervals in the topographic maps in-

cluded in civil data are too large for use in architecture works 

without appropriate adjustment. Other main challenges for the 

data integration include the huge file sizes of 3D survey data and 

inconsistent coordinate systems and datum points of the collected 

architectural and civil data.  

 

In order to address these challenges, this paper proposed a process 

to efficiently integrate, utilize, and manage architectural and civil 

data using BIM and CIM technologies. A BIM model is a digital 

representation of the physical and functional characteristics of a 

facility [5]. BIM is a spatial and data communication technology 

commonly used in the AEC industry and can be systematically 

and efficiently integrated with identification and data acquisition 

technologies [6]. The characteristics of CIM are similar to those of 

BIM because CIM models contains geometry and  
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Figure 1: The proposed integration process for architectural and civil data in the design and construction stages of an AEC project. 

 
semantic information as well, like BIM models. However, while 

BIM focuses more on the generation, utilization, and management 

of building-level data, CIM focuses on the generation, utilization, 

and management of civil- and infrastructure-level data, such as 

tunnels, caves, earth works, and bridges.  

 

Therefore, BIM and CIM can be used to ensure the efficient data 

integration of architecture and civil works of AEC projects. The 

proposed method can integrate data included in the drawings of 

architectural and civil elements, drawings and maps of the geology 

and topography of the earth, 2D survey data, scanned 3D survey 

results, and other measured data. It helps practitioners understand 

complex geometries and unknown spaces of AEC projects by 

producing accurate integrated models, to reduce the number of 

design and construction errors detected on site, and to improve the 

decision-making process. Consequently, it helps project partici-

pants efficiently and accurately design the projects and construct 

them.  

 

The structure of this paper is as follows. The next section reviews 

previous studies on data integration in the AEC industry. The third 

section proposes a process to integrate architectural and civil data 

into data models. The fourth section describes a case study to 

check the applicability of the proposed process, followed by re-

sults and discussions of the case study in the fifth section and con-

clusions of this paper in the fifth section.  

2. Literature Review 

Many previous studies have proposed data integration methods in 

the AEC industry. However, most previous studies have focused 

on integrating BIM and a geographic information system (GIS) [7-

16]. GIS is commonly used for city- and region-level data man-

agement and a database system that manage both spatial and non-

spatial data [17]. 

 

Cheng et al. (2015) and Deng et al. (2016) proposed a semi-

automated framework to map BIM and GIS schema. Irizarry et al. 

(2013) utilized semantic web technology, which allows data to be 

shared and reused, to integrate BIM and GIS. Developed BIM- 

GIS data integration methods have been applied to various do-

mains in the AEC industry, such as in the support of construction 

activities [9] and the visualization of supply chain processes [10]. 

 

Although integrated BIM-GIS data could be used to partially 

manage civil data, they have been not enough to manage general 

civil data in AEC projects due to the low level of details (LoDs) of 

integrated data models. They could not provide accurate geometry 

information regarding civil data models as GIS data do not focus 

on data generation, utilization, or management in the design and 

construction stages. Previous studies on BIM-GIS integration have 

focused more on building-, region-, and city-level information 

than civil-level information. Consequently, studies on the integra-

tion of architectural and civil data in the design and construction 

stages of AEC projects are still lacking. Therefore, in this paper, a 

data integration method for architectural and civil data in the de-

sign and construction stages of AEC projects was proposed to 

accurately and quickly generate, utilize, and manage physical as 

well as non-physical information.  

3. Proposed Data Integration Method 

The proposed integration process for civil and architectural data 

was divided into two phases: process development and data mod-

eling and integration phases. Figure 1 shows the proposed data 

integration process. The details of each phase were explained in 

this section. 

 

3.1 Process Development Phase 

 
The process development phase was composed of two steps: (1) 

identification of data requirements and (2) model structure devel-

opment.  

 

(1) Identification of data requirements  

Since BIM and CIM models contain various types of architectural 

and civil data, through using BIM and CIM technologies, they can 

be converted into integrated or linked models. Architectural data 

that might be integrated include architectural drawings and speci-

fications, pictures, BIM models, etc. Civil data that might be inte-

grated include geological maps, topographic maps, 2D survey data, 

scanned 3D survey data, pictures, CIM models, etc. However, in 

order to integrate information obtained from pictures, image 

recognition, extraction algorithms, or photogrammetry technolo-

gies are additionally required. A set of architectural and civil data 

to be integrated into a data model can be differed according to 

goals and characteristics of the project, its participants, and im-

plemented technologies. 

 

(2) Model structure development  

Based on the requirements for integrating the collected data in 

AEC projects, model structures of integrated data models should 

be developed before generating the data models. Until integrated 

BIM and CIM models are fully generated and integrated, the de-

veloped model structures are needed to be repeatedly modified 

according to their file sizes and required LoDs of a master model 

and its sub-data models. If model structures are modified, their 

version should be continuously managed for efficient management 

of data models. Furthermore, prior to developing the model struc-

ture, objectives of and relationships between each sub-model, such 

as which sub-models should be checked together for specific ac-

tivities, should be considered simultaneously.  
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3.2 Data Modeling and Integration Phase 

 
Data modeling and integration phase was composed of five steps, 

which are (1) data collection, (2) data sampling, (3) data review, 

(4) setting up coordinate systems of data, and (5) data model gen-

eration. 

 

(1) Data collection 

Based on the identified data requirements of AEC projects, project 

participants can collect various types of architectural and civil data. 

However, according to project characteristics, part of architectural 

and civil data required for integration might not be collected. 

 

(2) Data sampling 

The file sizes of 3D civil survey data are relatively larger than 

other types of data. 3D civil survey data with more than dozens of 

gigabytes are commonly found in the AEC projects if they include 

site or mountain information. Due to performance limitations of 

BIM and CIM software as well as hardware, it is occasionally 

difficult to efficiently manage BIM and CIM models with huge 

file sizes. Therefore, a set of necessary data to be integrated into a 

data model should be partially extracted from 3D civil survey data 

to reduce data size and to achieve efficient data management. For 

this step, data sampling might be required. 

 

(3) Data review 

The collected data should be reviewed since they have different 

formats, standards, and LoDs; in particular, survey data might 

have different standards and original settings if different systems 

and software are used. From the perspectives of scale and stand-

ards, architectural drawings are different from civil ones. There-

fore, in order to integrate various data and models from various 

sources, their coordinate systems, the file sizes of the architectural 

and civil data models, and the design limits of the software used to 

generate, utilize, and manage data should be checked before the 

data integration.  

 

(4) Setting up coordinate systems of data 

They can have different coordinate systems if architectural and 

civil data are generated or collected from different software pack-

ages. For example, there are two types of coordinate systems 

commonly used for civil survey data, which might have different 

location coordinate values. They are Geodetic Reference System 

1980 (GRS80) and World Geodetic System 1984 (WGS84). Dif-

ferent coordinate systems might cause inconsistent geometry in-

formation in an integrated data model. Therefore, if different co-

ordinate systems are used for each model, they should be unified 

to efficiently integrate and manage collected data. Coordinate 

systems can be converted into other ones using software, such as 

Leica Cyclone. 

 

(5) Data model generation 

Using adjusted model structures and coordinate systems, integrat-

ed architectural data models (i.e., the BIM models) and civil data 

models (i.e., the CIM models) can be generated. Since the devel-

oped model structures also define the relations among their sub-

data models, the generated BIM and CIM models are integrated 

and linked without additional works in the data model generation 

step. 

4. Case Study 

The proposed data integration method was applied to 

Gwangmyeong Cave project in South Korea to check its applica-

bility. Gwangmyeong City Government have redeveloped a big 

mining cave and its surrounding areas as a cultural heritage theme 

park since 2011. The area for master-planning of the project was 

861,456.912m2. The area is composed of a mountain with rocks 

and stones, caves, a square, access roads, and other facilities in-

cluding a resource recycling facility. The Gwangmyeong City 

decided to adopt BIM for master-planning of the project to gener-

ate model data for each component and integrate and manage them 

in the design, construction, and operation stages. 3DExperience 

was used as a BIM authoring tool in this project.  

 

In the project, collected architectural data were a set of architec-

tural drawings and civil ones were a set of geological maps, topo-

graphic maps, 2D/3D survey data, and pictures of construction 

sites, the mountain and the caves with different data formats. 3D 

survey data were collected using the Leica 3D scanner. Based on 

the plans of cave development and characteristics of collected data 

and sub-data models, the structure of the integrated data model for 

the project was developed. The integrated model was classified 

into three sub-models for its efficient management: (1) Mountain 

(civil data), (2) cave (civil), and (3) facility models (architectural).  

 

In the early stage of the project, although file sizes of survey data 

for the inside of the cave were larger than 20GB, it was reduced 

through extracting a set of necessary data from collected survey 

data without loss of data quality using Leica Cyclone. The details 

of collected data were analyzed first for data different from those 

of architectural data due to their different characteristics. Since 

origin points of topographic maps, geological maps, and survey 

data were inconsistent, their location information was also adjust-

ed before integrating the collected data (Fig.2 and Fig.3). The 

integrated model was utilized to design and construct stairs and 

canopies in the square in front of the cave entrance, monorails on 

the mountain, and 3D theater in the cave.  

 

 
Figure 2: Original contour data of the collected civil data in the case (cop-

yright: Syntegrate LLC and Gwangmyeong City) 

 

 
Figure 3: Generated terrain data model in the case using the collected 

contour data (copyright: Syntegrate LLC and Gwangmyeong City) 

5. Results and Discussions 

Face-to-face interviews with project participants in the case were 

conducted to collect their opinions about the proposed data inte-

gration process. Most of them agreed that the integrated data mod-

el was helpful to improve the accuracy of geometric information 

and work efficiency. Especially, error issues detected in the early 

stage of the case were successfully resolved through using the data 

model integrated by the proposed method. However, several limi-

tations were identified as well. The adjusted data still contained a 

small range of errors because of the low accuracy levels of the 

collected data, such as 5m-contour intervals and manual survey 

data. It can be improved by accurate surveying systems, such as a 

3D laser scanner or total station, in the future.  
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6. Conclusions 

This paper proposed a process for integrating architectural data, 

including BIM models and architectural drawings, and civil data, 

including CIM models, 3D survey data, and maps of the geology 

and topography of the earth. The proposed process helps to ex-

plain complex geometries, to reduce the number of design and 

construction errors detected on site, and to improve decision mak-

ing processes by providing accurate geometry information of AEC 

projects. The proposed method was applied to an actual project to 

check its applicability and was validated. However, its quantitative 

effects on the project were not analyzed in this paper. Therefore, it 

will be implemented to various projects to quantitatively analyze 

its impacts on cost and schedule of the projects. 
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