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ABSTRACT: High population, vehicles, and employment and high energy use could generate congestion that has been 

considered as a result from diseconomies of agglomeration. However, congestion and energy use problem could be 

mitigated in a compact city due to shorter commuting distance, efficient vehicular operation, etc. US government and local 

state governments have been trying to redirect its energy use to address congestion and vehicular energy use. Household 

vehicle use, and fuel consumption, and VMT have primarily have been considered as main factors of vehicular emission. 

This paper analyzes NHTS 2001 combined with EIA augmentation data and Census data and to identify relationship 

between energy use by car and greenhouse gas emission, in particular, related to residential density. Major factors and 

variables are considered: VMT, vehicular energy use, urban density factor, household’s socioeconomic factor, household’s 

demographic factor. Two MSAs in Florida such as Miami, and Orlando are compared based upon the factors. This paper 

uses econometric methodology such as SEM (Structural Equation Model) to see complicated and causal relationship among 

variables. The results show that Miami is more energy efficient than Orlando because of less VMT and energy use per 

household unit. Furthermore, more vehicles, more drivers, more incomes, and more workers means high VMT and high 

energy use, which implies that they are more sprawl. To deal with this problem, impact fee might be one of the solutions.  
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1. INTRODUCTION 

Due to unstopped land development in suburban area and 

centralized employment, contemporary cities generate high 

population, many vehicles, and high energy use. As one 

asserts, this concentrated human festival for the 21st 

century have brought urban problem: congestion. This 

might result from diseconomies of agglomeration, which is 

side effect of benefits of agglomeration. However, 

congestion and energy use problem could be mitigated in a 

compact city due to shorter commuting distance, and fewer 

vehicles traveled miles [13].  

Increasing population and employment density in MSAs 

could reduce vehicle travel, energy use, and CO2 emissions. 

TRB (2009)’s literature review proposes that increasing 

residential density by twice throughout MSA might 

decrease household VMT by approximately 5 through 

maximum 25 percent as long as there is employment 

concentrations, public transit improvements, mixed uses. 

This is because distance to travel decreases and transit 

mode is more efficient than one in sprawled local area if a 

city is more compact [13]. Therefore, trip can be reduced 

by walking, biking, or using public transit so people 

commute more efficiently by using alternative transit mode. 

Indeed, empirical study presents that people tend to be 

more likely to commute by car in lowest density of work 

location but the closer work environment is, the less people 

use their car [8]. Also, Brownstone and Golob’s results 

indicate that 1000 dwelling units per square mile decreases 

household’s VMT by 1200 miles per year [1]. These 

researches imply that the more compact cities are, the less 

energy use and greenhouse gas (GHG) diverge. This might 

be explained by common assumption that an increasing 
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population and land use development affect increasing 

energy use.  

In the mean time, there is statistically significant study 

showing that transportation accounts for 40–60% of life-

cycle GHG emissions in residential development and 

public transit accounts for 2–5% of total transportation 

energy use [8]. Therefore, it seems that understanding the 

relationship between energy use and residential density is 

appeared to be important in this era. 

However, there have been studies that density negatively 

affects energy use [5]. Another study shows that there is no 

direct association between land use density and 

transportation energy consumption [10]. This indicates that 

there are still ongoing arguments that higher residential 

density causes cost and energy use and it is necessary to 

study for the relationship between vehicular energy use and 

residential density. 

According to Monthly Energy Review released in March 

2009 by U.S. Department of Energy, the growth of energy 

use in transportation and other end-use sector has been 

tracked for about 35 years from 1973 to 2008 [11]. This 

represents that for 35 years residential energy use has been 

top ranking out of four energy usage. In addition, 

demographic statistics from 1969 to 2001 show that even if 

persons per household decreases, vehicles per household, 

workers per household, vehicles per worker, and vehicles 

per licensed driver has been dramatically increased. This 

implies that the vehicle density per every household has 

been increased. 

Therefore, this paper aims to show and analyze relationship 

between energy use in transportation and vehicle miles 

traveled, in particular, associated with residential density. 

In other words, the objective of this research is to provide 

evidence about the effects of residential density on 

vehicular energy use pattern and VMT. To that end, two 

questions will be addressed: What is the effect of 

residential Density on VMT? What is the effect of 

residential Density on Vehicular Energy Use? 

The obtained data shows different mean, and standard 

deviation. Including dependent variables such as energy 

use and VMT, this dataset consist of several data groups: 

socioeconomic data, demographic data, and Urban Density 

data based upon which SEM is constructed and developed. 

To answer these questions in a comprehensive way, 

different economic methods such as CART analysis, t-test, 

correlation, collinearity analysis, factor score analysis and 

SEM (Structure Equation Modeling) will be combined and 

used. Specifically, socioeconomic data, urban density data, 

demographic data are drawn from factor score analysis 

combined with correlation and collinearity analysis. Only 

one study used SEM with bootstrapping method to avoid 

biased error. This paper only uses ML (maximum-

likelihood) to find whether the hypothesis is consistent 

with the analysis results or not. 

Last but not least, the research process flow is initially 

established in figure 1. This paper utilizes correlation, 

factor score analysis, and collinearity analysis to set up and 

obtain fundamental data with SAS 9.1 and SPSS 15.0. To 

develop SEM, it uses Lisrel (ver 8.51). 

 
Fig. 1 Research Process Flow Chart 

 

2. Data 

To collect data, several questions about premises and 

hypothesis of obtained data should be addressed. 

What are main determinants of VMT and energy use?  

How do we obtain disaggregate dataset?  

How much coefficient should be large enough?  

How do we solve self-selection problem?  

This paper uses 2001 NHTS conducted by USDOT which 

includes household based data, and random sample from 

USA. In 2004 EIA released augmented data of NHTS in 

2004. This data contain explicated energy use data and 

VMT so two dataset combined and mingled to analyze.  

First, it uses the 2001 NHTS data in order to get vehicle 
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usage and fuel use data at a household level. The NHTS is 

the nation’s tract storage of daily and long-distance travel. 

It includes demographic data such as the number of people, 

age, household, etc. The 2008 NHTS will be released to the 

public by next January. It’ll be good to use the up-to-date 

dataset but 2001 NHTS data is the best dataset to be 

analyzed at this point. The three major factors can be 

pooled from this dataset: socioeconomic factor (household 

income, number of licensed drivers, the number of the 

employed, and the number of vehicles owned etc.), 

demographic factor (number of family member, number of 

adults etc) and energy use by transportation factor (annual 

fuel consumption, annual average vehicle mileage traveled 

etc.). 

Second, this article uses Census tract dataset which allows 

comparing and clustering the datasets based upon the 

region, which indicates that, Miami, Orlando will be 

compared based on established factors. This part compares 

overall presences of residential characteristics in both two 

MSAs to make an assumption about residential behavior 

and transportation energy use. one major factor can be 

drawn in the dataset: urban density factor (housing units, 

the number of population, the number of household etc). 

In order to stimulate land use factor, density, clustering, 

and mix factors can be used. As Todd Litman states that 

land use patterns can be evaluated based on several 

attributes including those three variables [12].  

However, it takes long time to disaggregate the data on a 

spatial basis with addresses. Even though several studies 

show that economic characteristics such as income, 

gasoline price is not primarily important [6, 7], those 

factors should be considered in that they generally generate 

urban sprawl [4]. 

By using the structural equation model (SEM), this paper 

examines the impact of residential density on energy use. 

Normal distribution test, correlation analysis, and 

collinearity analysis are conducted before using SEM. 

SEM requires endogenous variables and exogenous 

variables to calculate estimates of the model. Three major 

endogenous variables are mainly considered in this paper: 

density variables, VMT, and Energy Use. To use SEM, 

research hypothesis primarily should be established so as 

to compare itself with analysis results. The three research 

hypotheses are setup as seen in the table 1. As literature 

review stated above, the hypothesis is that compact 

development decreases VMT and energy use. As density 

grows in central city, population increases, the number of 

employers increase and thus total income is higher than 

suburban area. Therefore, the six hypotheses describe the 

relationship among the factor variables. 

Table 1. Research Hypothesis 
No Description of research hypothesis 

1 Socioeconomic factor positively related to VMT (+) 

2 Socioeconomic factor positively related to Energy Use (+) 

3 Demographic factor positively related to VMT (+) 

4 Demographic factor positively related to Energy Use (+) 

5 Urban Density positively related to VMT (+) 

6 Urban Density factor positively related to Energy Use (+) 

  

 

3. Analysis 

Descriptive Statistics (Table 2, p4) shows that higher 

density MSA represents less VMT and Energy Use. 

Maximum energy use in Miami presents 4263.84 gallon 

along with 87608.7 miles over 6,000 units per square miles 

whereas Orlando illustrates 4920.83 gallon, and 97462 

miles in an area of 4,000 units per square miles.  

Even though CHAID analysis is useful for multiple 

grouping, it provides F-test results for testing null 

hypothesis “there is no association between two groups.”  

The results provide evidence that single house and row 

house (low density household) differ from apartment and 

condominium group (high density group) in based on 

regressed total energy use. Average of low density 

household’s energy use is approximately 1109.04 gallons 

whereas; the average energy use of high density group 

shows just 687.45 gallons. This implies that low density 

household spread throughout suburban area rather than 

central city area. Further group analysis will not be 

conducted because only Miami is segmented into two 

density groups. Fig 2 below shows the result of CHAID 

analysis  
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Table 2 Descriptive Statistics 

 

Fig. 2 CHAID analysis 

Conventional wisdom illustrates that energy use increases 

as travel behavior becomes growing. Correlation analysis 

present reasonable evidence that VMT is positively 

correlated with energy use by approximately 96 % and that 

residential density is negatively correlated with energy use 

by 26 %. As shown Table 3 and 4, Both correlation results 

for Miami and Orlando present similar coefficient that 

requires further analysis to find out the difference between 

Miami and Orlando.  

 

Table 3 Correlation analysis (Miami) 

 

 

The growing number of residential density would reduce 

vehicular energy use because people tend to use public 

transportation or walk to destination in highly dense area 

like MSA according to the established assumption in this 

paper. However, this result might stem from the VMT 

calculation process conducted by EIA. The Energy 

Information Administration tried to make up for missing 

values that household respondents didn’t provide or fault 

information in 2001 NHTS dataset. They insert and 

compose the 2001 NHTS data to create VMT and fuel use 

data.  

Other density indicators like employment density and 

population density show also negative relationship with 

energy use. Lindsey et al. confirms the density relation 

with energy use which supports the correlation of this 

paper [2]. Specifically, suburban density development has 

more energy use and GHG per capita by a factor of 2.0–2.5 

than highly dense CBD. Ewing & Cevero has done 

extensive literature review and analyzes density, VMT, and 

energy use by simply relying on elasticity values [2]. The 

result also articulates that energy use and VMT increase 

when density increase. 

 Description 
Miami Olando 

N Min Max Mean Std.  N Min Max Mean Std.  

Energy Use total gallon used 171 0.33 4263.84 968.51 808.02 96 8.59 4920.83 1076.00 950.27 

VMT total miles traveled 171 5.32 87608.7 20074.04 17092.42 96 105 97462.37 21956.21 18364.59

Urban Density 

Residential Density Housing units per sq mile-Tract 171 25 6000 2576.75 1592.026 96 25 4000 1399.22 991.92 

Employment Density Workers per square mile living in Tract 171 -9 5000 2656.51 1365.3 96 25 5000 1469.01 1133.86 

Population Density Population in tract 171 50 30000 7130.99 4885.88 96 50 7000 3231.77 2376.21 

H 
O 
U 
S 
E 
H 
O 
L 
D 

Socioeconomic 

# drivers Number of Drivers 171 1 5 1.87 0.79 96 1 4 1.75 0.70 

# workers Number of Workers 171 0 4 1.39 0.92 96 0 4 1.19 0.81 

Income Annual Income level (1-9) 171 -9 9 5.23 5.29 96 -9 9 6.07 3.39 

# vehicles Number of Vehicles owned 171 1 7 1.92 1.03 96 1 6 1.83 0.89 

Demographic 

# Adults Number of adults 171 1 6 1.94 0.81 96 1 4 1.80 0.64 

Household Size Number of household member 171 1 8 2.57 1.38 96 1 6 2.33 1.25 

Age The first respondent's age 171 20 88 49.64 16.67 96 19 88 48.67 16.02 

 

 

Miami Orlando 

Miami Energy 
Use VMT 

Housing 
units per 
sq mile 

Workers 
per 

square 
mile 

Population 
Density 

Number 
of 

Drivers

Number 
of 

Workers
Income

Number 
of 

vehicles 

Number 
of 

Adults 

Number 
of house 
member

Age

Energy Use 1.00      
VMT 0.96 1.00     

Residential 
Density -0.26 -0.24 1.00          

Employment 
Density -0.05 -0.01 0.44 1.00         

Population 
Density -0.14 -0.11 0.78 0.51 1.00        
# drivers 0.45 0.46 -0.31 0.04 -0.18 1.00   
# workers 0.48 0.47 -0.24 0.01 -0.11 0.66 1.00   
Income 0.09 0.09 -0.11 -0.01 -0.21 0.17 0.19 1.00   

# vehicles 0.57 0.51 -0.26 -0.01 -0.18 0.66 0.59 0.09 1.00  
# Adults 0.38 0.39 -0.20 0.11 -0.11 0.86 0.64 0.13 0.61 1.00 

Household 
Size 0.41 0.41 -0.27 -0.08 -0.18 0.63 0.54 0.18 0.47 0.66 1.00  

Age -0.32 -0.29 0.27 0.22 0.17 -0.19 -0.44 -0.14 -0.22 -0.17 -0.36 1.00
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Table 4 Correlation analysis (Orlando) 

Table5 shows that there is little collinearity among 

independent variables when dependent variable is energy 

use. 

Table5 Collinearity Analysis 
 Miami Orlando
Variable Tolerance VIF Tolerance VIF

VMT 0.65 1.53 0.57 1.76 

Residential Density 0.33 3.04 0.32 3.11 

Employment Density 0.67 1.50 0.14 7.30 

Population Density 0.32 3.11 0.14 7.10 

# drivers 0.21 4.82 0.20 4.97 

# workers 0.41 2.47 0.52 1.92 

Income 0.88 1.14 0.85 1.18 

# vehicles 0.48 2.10 0.31 3.18 

# Adults 0.22 4.58 0.21 4.73 

Household Size 0.47 2.13 0.39 2.58 

Age 0.67 1.49 0.64 1.55 

As shown in Table 6, to eliminate and reduce collinearity, 

factor score analysis is conducted to find some facts that 

urban density factor shows that the highest cumulative 

percentage but socioeconomic factor and demographic 

factor have weak explicability. In addition, Fig. 3 and Fig. 

4 show the result of SEM analysis for each area. 

 

Table 6 Factor Score Analysis 
 Miami Orlando

Item 

(Miami) 
variable 

factor 
score 

culmulative 
percentage 

factor 
score 

culmulative 

percentage 

Socioecon

omic 

factor 

# drivers 0.889 

58.151 

0.884 

58.365 
# workers 0.859 0.741 

Income 0.295 0.499 

# vehicles 0.844 0.869 

Demograp

hic 

factor 

# Adults 0.834 

61.104 

0.836 

58.102 
Household 

Size 
0.907 0.930 

Age 0.561 -0.423 

Urban 

Density 

Residential 
Density 

0.888 

72.262 

0.904 

88.374 
Employment 

Density 
0.735 0.961 

Population 
Density 

0.916 0.954 

 
 

 
Fig. 3 Result of SEM analysis (Miami) 

 
Fig. 4 Result of SEM analysis (Orlando) 

With the three compressed factors, energy use and VMT 

variables are inserted, combined and analyzed by SEM. 

Analysis result for Miami are different than research 

hypothesis that socioeconomic, demographic factor, and 

urban density positively affect VMT and energy use. As 

demographic factor and urban density increases, VMT 

decreases. In contrast, the results for Orlando provide 

different fact that even though demographic coefficient is 

close to zero and urban density negatively influences VMT, 

only demographic show negative relationship with energy 

use. 

 

4. Conclusion 

This paper analyzes NHTS 2001 combined with EIA 

augmentation data and Census data and to identify 

Orlando Energy 
Use VMT 

Housing 
units 
per sq 
mile 

Workers 
per 

square 
mile

Population 
Density 

Number 
of 

Drivers

Number 
of 

Workers
Income

Number 
of 

vehicles 

Number 
of 

Adults 

Number 
of 

house 
member

Age

Energy Use 1.00      
VMT 0.96 1.00     

Residential 
Density -0.18 -0.20 1.00          

Employment 
Density -0.10 -0.11 0.79 1.00         

Population 
Density -0.14 -0.17 0.77 0.91 1.00        
# drivers 0.45 0.42 -0.14 -0.11 -0.18 1.00   
# workers 0.34 0.35 0.20 0.23 0.17 0.53 1.00   
Income 0.32 0.33 -0.10 -0.08 -0.11 0.24 0.25 1.00   

# vehicles 0.59 0.58 -0.22 -0.17 -0.25 0.76 0.45 0.30 1.00  
# Adults 0.43 0.40 -0.18 -0.14 -0.19 0.85 0.48 0.20 0.71 1.00 

Household Size 0.30 0.30 0.03 -0.01 -0.12 0.66 0.45 0.19 0.50 0.66 1.00
Age -0.27 -0.31 -0.03 -0.08 -0.04 -0.09 -0.34 -0.11 -0.14 -0.01 -0.33 1.00
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relationship between energy use by car and greenhouse gas 

emission, in particular, related to residential density. The 

results prove that Miami and Orlando are different in terms 

of urban compactness and energy use. Descriptive statistics 

presents evidence that Miami is denser than Orlando and 

that density factor in Miami is stronger than one in Orlando. 

This indicates some inference that is related to urban 

sprawl and compact development. More vehicles, more 

drivers, more incomes, and more workers means high 

VMT and high energy use, which implies that they are 

more sprawl. This is also supported by CHAID analysis. 

Low density housing development demonstrates about 

doubling Energy Use of high density housing development.  

So what results provide beneficial implication for policy? 

Do we have to control urban sprawl in order to reduce 

energy use and VMT? Should we direct urban policy 

toward compact development? If one suggests, impact fee 

is one of the best alternative that make it possible to control 

sprawl and related externalities. Couple of studies shows 

that impact fee increase urban density [14]. However, 

ongoing arguments create a lot of research work focusing 

on disadvantage of impact fee. Therefore, the study for 

impact fee and energy use would be reservation for the 

next research topic. 

 

References 

[1] Brownstone, D., Golob, T. F., “The impact of 

residential density on vehicle usage and energy 

consumption”, Journal of Urban Economics, Vol. 65, pp. 

91-98, 2009. 

[2] Ewing, R., and R. Cervero., Travel and the Built 

Environment: A Synthesis, Transportation Research 

Record, 1780, pp. 87-114, 2001. 

[3] Lindsey, M., Gray, K., Schofer, J. L., & Durango-

Cohen, P. L., Effect of Residential Location on Vehicle 

Miles of Travel, Energy Consumption, and Greenhouse 

Gas Emissions: Chicago Case Study. Paper presented at the 

Transportation Research Board 88th Annual Meeting from 

http://pubsindex.trb.org/orderform.html, 2009. 

[4] Miron, John R., Housing Demand, Coping Strategy, 

and Selection Bias. Growth and Change, Vol. 35(2), pp. 

220–261, 2004. 

[5] Newman, P. and J. Kenworthy., Costs of automobile 

dependence: global survey of cities. Transportation 

Research Record, 1670, pp. 17-26, 1999. 

[6] Newman, W.G. and J.R. Kenworthy,”Gasoline 

consumption and cities”, Journal of the American Planning 

Association, Vol. 55, pp. 24-35, 1989a. 

[7] Newman, W.G. and J.R. Kenworthy, A Global View of 

Automobile Dependence. Brookfield, VT: Gower, 1989b. 

[8] Norman, J., MacLean, H. and Kennedy, C., 

“Comparing high and low residential density: lifecycle 

analysis of energy-use and greenhouse gas emissions”, 

Journal of Urban Planning and Development, Vol. 132(1), 

pp. 10–21, 2006. 

[9] Maat, Kees, Timmermans, Harry J.P., Influence of the 

residential and work environment on car use in dual-earner 

households, Transportation Research Part A 43, pp. 654-

664, 2009. 

[10] Mindali, O. Raveh, Adi, Salomon, Ilan., Urban density 

and energy consumption: a new look at old statistics, 

Transportation Research Part A 38, pp 143-162, 2004. 

[11] ORNL (2009). Transportation Energy Data Book, Oak 

Ridge National Laboratory for the U.S Department of 

Energy. 

[12] Todd Litman., Evaluating Transportation Land Use 

Impacts Considering the Impacts, Benefits and Costs of 

Different Land Use Development Patterns, Victoria 

Transport Policy Institute, 2009. 

[13] TRB., Special Report 298: Driving and the Built 

Environment: The Effects of Compact Development on 

Motorized Travel, Energy Use, and CO2 Emissions. The 

National Academies, Washington, D.C., 2009. 

[14] Turnbull, G.K., “Urban growth controls : transitional 

dynamics of development fees and growth boundaries” 

Journal of Urban Economics, Vol, 55, pp. 215-237, 2004. 

 

S1-5

44


	Main
	Information
	Table of Contents
	KEYNOTE LEUCTURES
	Keynote I Robotizing Workforce in Future Built Environments
	Keynote II Advanced Robotics and Mechatronics and Their Applications in Construction
	Keynote III “HUMAN-ROBOT COOPERATION TECHNOLOGY” AN IDEAL MIDWAY SOLUTION HEADING TOWARD THE FUTURE OF

	ORAL PRESENTATION
	(S1,S7)Energy Efficiency
	S1-1 AUTOMATED SYSTEM OF BUILDING MACHINE GROUP SELECTION FROM THE POINT OF ENERGYCONSUMPTION MINIMIZATION
	S1-2 MAPPING SYSTEM BETWEEN PROPERTY OF BIM SOFTWARE AND MATERIAL OF ENERGY PLUS FOROPEN BIM-BASED ENERGY PERFORMANCE ASSESSMENT
	S1-3 DESIGN APPROACH OF ENERGY EFFICIENT READY MADE GARMENTS FACTORY IN VIEW OF THERMALCOMFORT
	S1-4 VISUAL REQ CALCULATION TOOL FOR GREEN BUILDING EVALUATION IN TAIWAN
	S1-5 A COMPARATIVE STUDY ON THE RELATIONSHIP BETWEEN RESIDENTIAL DENSITY AND VEHICULARENERGY USE IN FLORIDA
	S7-1 AS–BUILT RESIDENTIAL BUILDING INFORMATION COLLECTION AND MODELING METHODS FOR ENERGYANALYSIS
	S7-2 MODELLING AND OPTIMIZATION OF DIRECT EXPANSION AIR CONDITIONING SYSTEM FORCOMMERCIAL BUILDING ENERGY SAVING
	S7-3 DAYLIGHT PERFORMANCE AND ENERGY CONSUMPTION IN A SIMPLE ROOM OF RESIDENTIALBUILDING IN DHAKA CITY, BANGLADESH
	S7-4 HVAC INTEGRATED CONTROL FOR ENERGY SAVING AND COMFORT ENHANCEMENT
	S7-5 TOWARDS OPTIMIZATION OF BUILDING ENERGY AND OCCUPANT COMFORT USING MULTI-AGENT SIMULATION
	S7-6 HI-FLEX : MODULARIZED AND AUTONOMOUS BUILDING SKIN SYSTEM FOR MAXIMIZED ENERGYEFFICIENCY
	S7-7 DESIGN AND VERIFICATION OF A NEW ENERGY SAVING ELECTRIC EXCAVATOR

	(S2, S8, S14, S20)Automation and Robotics in Building Construction
	S2-1 DECENTRALISED PREDICTIVE CONTROL WITH ENERGY DISSIPATION BOUNDS FOR WIRELESSSTRUCTURAL CONTROL APPLICATIONS
	S2-2 THE VIRTUAL ENVIRONMENT FOR FORCE-FEEDBACK EXPERIMENT OF EXCAVATOR USING A NOVELDESIGNED HAPTIC DEVICE
	S2-3 DEVELOPMENT OF FUNCTIONALITY-ORIENTED ROBOTIC ENVI-RONMENTS THROUGH PROCESSANALYSIS AND PROCESS MODIFI-CATION
	S2-4 LASER MARKING SYSTEM BASED ON 3D CAD MODEL
	S2-5 INTEGRATED ENVIRONMENTAL DESIGN AND ROBOTIC FABRICATION WORKFLOW FOR CERAMICSHADING SYSTEMS
	S2-6 DEVELOPMENT OF DOUBLE ARM WORKING MACHINE FOR DEMOLITION AND SCRAP PROCESSING
	S2-7 PROPOSAL OF INSTALLATION METHOD OF HEAVY DUTY GLASS USING INTUITIVE MANIPULATIONDEVICE
	S8-1 APPLICATION OF IMAGE PROCESSING TO DETECION OF WORKERS AROUND heavy equipment
	S8-2 INTEROPERABLE APPROACH IN SUPPORT OF SEMI-AUTOMATED CONSTRUCTION MANAGEMENT
	S8-3 DEPLOYING & MANAGING PERVASIVE COMPUTING ON CITY SCALE
	S8-4 ICT ADOPTION IN THE IRANIAN CONSTRUCTION INDUSTRY : BARRIERS AND OPPORTUNITIES
	S8-5 MULTI-AGENT-BASED APPROACH FOR REAL-TIME COLLISION AVOIDANCE AND PATH RE-PLANNING ONCONSTRUCTION SITES
	S8-6 APPLICATION OF ROBOTIC OBSTACLE AVOIDANCE IN CRANE LIFT PATH PLANNING
	S8-7 EXPERIMENTAL STUDY ON HYDRAULIC SIGNAL COMPENSATION FOR THE APPLICATION OF A HAPTICINTERFACE TO A TELE-OPERATED EXCAVATOR
	S14-1 PLANE-BASED COARSE REGISTRATION OF 3D POINT CLOUDS WITH 4D MODELS
	S14-2 RADIO FREQUENCY IDENTIFICATION (RFID) INTEGRATED WITH BUILDING INFORMATION MODEL (BIM)FOR OPEN-BUILDING LIFE CYCLE INFORMATION MANAGEMENT
	S14-3 AUTOMATED SURFACE PROFILING OF DRYWALL SURFACE FOR SANDING
	S14-4 HIGH-DIMENSIONAL SPACE SEARCH SYSTEM FOR MULTI-TOWER CRANE MOTION PLANNING
	S20-1 VERTICAL SHIPYARD: TECHNOLOGY TRANSFER FOR AUTOMATED CON- AND DECONSTRUCTION
	S20-2 STRATEGY FOR THE DEVELOPMENT OF ASSISTIVE ENVIRONMENTS BASED ON GERIATRIC ASSESSMENT
	S20-3 DEVELOPMENT OF A VIABLE CONCRETE PRINTING PROCESS
	S20-4 DEVELOPMENT OF ROBOTIC-CRANE BASED AUTOMATIC CONSTRUCTION SYSTEM FOR STEELSTRUCTURES OF HIGH-RISE BUILDINGS
	S20-5 A GRAPH-BASED APPROACH TO THE MODELING OF CHANGES IN CONSTRUCTION PROJECTS
	S20-6 THE DEVELOPMENT OF MICROWAVE ASSISTED MACHINERIES TO BREAK HARD ROCKS
	S20-7 COGNITION SYSTEM OF BOLT HOLE USING TEMPLATE MATCHING

	(S3, S9, S15, S21, S26)Computing in Construction and Management
	S3-1 ON COMPUTER MODELLING AND UTILITY ASSESSMENT OF BUILDINGS AND PROJECTS
	S3-2 A STUDY ON THE VIRTUAL DIGGING SIMULATION OF A HYDRAULIC EXCAVATOR
	S3-3 CONSTRUCTION PROJECT RISK CONTROL BASED ON EXPERTISE USING FUZZY SET THEORY
	S3-4 A CROWD MODEL WITH MULTIPLE INDIVIDUAL PARAMETERS TO REPRESENT INDIVIDUAL BEHAVIOURIN CROWD SIMULATION
	S3-5 COMPUTATION AND CONSTRUCTION OF VAULT GEOMETRY PROTOTYPES
	S3-6 IDENTIFYING CONSTRUCTION PROBLEM-SOLVING PATTERNS OF LESSONS LEARNED WITH TEXT MININGMETHOD
	S3-7 CAD EXCHANGE FORMAT IN THE FIELD OF PUBLIC WORKS JAPAN
	S9-1 CONCEPTUAL COST ESTIMATION OF PUMP STATIONS PROJECTS USING FUZZY CLUSTERING
	S9-2 STRUCTURE-FROM-MOTION FOR EARTHWORK PLANNING
	S9-3 VIDEO ANNOTATION FRAMEWORK FOR ACCELEROMETER PLACEMENT IN WORKER ACTIVITYRECOGNITION STUDIES
	S9-4 RESEARCH IN ESTABLISHMENT OF QUALITY CONTROL AND RISK MANAGEMENT SYSTEMS
	S9-5 DISCUSSION ON THE RELAXATION CAMP FACILITY MANAGEMENT AND THE ESTABLISHMENT OF THEINFORMATION SYSTEM
	S9-6 APPLICATION OF GPS FLEET TRACKING AND STOCHASTIC SIMULATION TO A LEAN SOIL EXCAVATION PRACTICE
	S9-7 DEVELOPMENT OF SOIL STIFFNESS EVALUATION EQUIPMENT “ALFA-SYSTEM” USING ACCELERATIONRESPONSE OF VIBRATORY ROLLER
	S15-1 AN OPTIMATL ALGORITHM OF THE MULTI-LIFTING OPERATION FOR SUPER-TALL BUILDING
	S15-2 ICT-BASED WORK MANAGEMENT TO SUPPORT UNMANNED CONSTRUCTION FOR POST-DISASTERRESTORATION
	S15-3 USING GENETIC ALGORITHMS TO ESTIMATE THE SCOUR DEPTH AROUND THE BRIDGE PIER
	S15-4 DRIVING BEARING EVALUATION SYSTEM TO ACHIEVE ECO FIRST HAULAGE WORK
	S15-5 ANALYZING THE COMPUTER-AIDED MAINTENANCE DATA OF A COMMERCIAL BUILDING COMPLEX
	S15-6 RESEARCH ON VISUAL POINT OF OPERATOR IN REMOTE CONTROL OF CONSTRUCTION MACHINERY
	S15-7 COMPARISON OF TWO WATER STORAGE FUNCTIONS OF SOIL ON PORE-WATER PRESSURE OF EARTHFILLEDDAM UNDER CHANGING ENVIRONMEN
	S21-1 THE USE OF EARNED VALUE IN FORCASTING PROJECT DURATIONS
	S21-2 ‘DESIGNING IN’ COMPLEX SYSTEM INTERACTION: MULTI-AGENT BASED SYSTEMS FOR EARLY DESIGNDECISION MAKING
	S21-3 CRANE OPERATOR VISIBILITY OF GROUND OPERATIONS
	S21-4 SIMULATION OF RESURFACING PAVEMENT OPERATION OF HIGHWAYS UNDER LANE CLOSURE CONDITION
	S21-5 VIRTUAL REALITY AND ESTIMATING PRACTICE: A SOFTWARE SELECTION MODEL FOR ESTIMATING
	S21-6 PROBABILISTIC PERFORMANCE RELIABIILTY-COST TRADEOFF FOR MAINTENANCE STRATEGY
	S21-7 3-D ROAD SENSOR NETWORK ANALYSIS BASED ON DEM IMAGES AND UBICONSEYE
	S26-1 AUTOMATED HEAD POSE ESTIMATION OF VEHICLE OPERATORS
	S26-2 LESSONS LEARNED FROM SCHEDULE ESTIMATION USING REAL-TIME DATA IN A CONCRETING OPERATION
	S26-3 GENETIC ALGORITHM-BASED CHAOS CLUSTERING APPROACH FOR OPTIMIZING CONSTRUCTION TIMECOSTTRADEOFF PROBLEMS
	S26-4 A HYBRID SWARM INTELLIGENCE BASED PARTICLE BEE ALGORITHM FOR BENCHMARK FUNCTIONSAND CONSTRUCTION SITE LAYOUT OPTIMIZATION
	S26-5 TRENDING AND FORECASTING IN CONSTRUCTION OPERATIONS
	S26-6 DEVELOPMENT OF VARIOUS BRIDGE CONDITION INDICES FOR TAIWAN BRIDGE MANAGEMENTSYSTEM
	S26-7 FULLY AUTOMATED REGISTRATION OF 3D CAD MODEL WITH POINT CLOUD FROM CONSTRUCTION SITE

	(S4, S10, S16, S22)Building Information Modeling
	S4-1 THE STUDY OF BIM-BASED MRT STRUCTURAL INSPECTION SYSTEM
	S4-2 ENHANCED PLATFORM FOR BUILDING INFORMATION MODELING TO IMPROVE REALITY
	S4-3 BIM-BASED BUILDING CURRICULUM VITAE SYSTEM
	S4-4 APPLYING CLOUD COMPUTING TECHNOLOGY TO BIM VISUALIZATION AND MANIPULATION
	S4-5 PREPARING A BUINDLING INFORMATION MODEL FOR FACILITY MAINTENANCE AND MANAGEMENT
	S4-6 THE BIM-BASED INFORMATION INTEGRATION SPHERE FOR CONSTRUCTION PROJECTS
	S4-7 FRAMEWORK OF AN INTEGRATED INFORMATION SYSTEM WITH OPENBIM BASED LIBRARY FOR NEWKOREAN STYLE HOUSE
	S10-1 AUTOMATIC CREATION OF SEMANTICALLY RICH 3D BUILDING MODELS FROM LASER SCANNER DATA
	S10-2 BAD APPLE THEORY OF HUMAN ERROR AND BUILDING INFORMATION MODELLING: A SYSTEMICMODEL FOR BIM IMPLEMENTATION
	S10-3 REPRESENTATION REQUIREMENTS OF AS-IS BUILDING INFORMATION MODELS GENERATED FROMLASER SCANNED POINT CLOUD DATA
	S10-4 COBIE-BASED LIGHTWEIGHT REPRESENTATION OF A BUILDING NAVIGATION NETWORK
	S10-5 USE BIM TO CONSTRUCT ELECTRONIC RESUME SYSTEM FOR BUILDING PROJECT
	S10-6 A STUDY ON THE OPTIMIZATION METHOD FOR PANEL LAYOUT PROBLEM IN DRYWALL
	S10-7 ENHANCEMENT OF SPATIAL AND PHYSICAL ELEMENTS FOR IFC-BASED BRIDGE DATA MODEL
	S16-1 BIM-BASED ENERGY MORNITORING WITH XML PARSING ENGINE
	S16-2 DETECTION, MODELING AND CLASSIFICATION OF MOLDINGS FOR AUTOMATED REVERSE ENGINEERINGOF BUILDINGS FROM 3D DATA
	S16-3 AN APPROACH TO EXTRACTING FACADE FEATURES USING THE INTENSITY VALUE OF TERRESTRIALLASER SCANNER WITH MATHEMATICAL MORPHOLOGY
	S16-4 LESSONS LEARNED IN BUILDING INFORMATION MODELING APPLICATIONS
	S16-5 SIMULATION FOR STEEL BRIDGE ERECTION BY USING BIM TOOLS
	S16-6 ESTIMATING WITH BIM: A SURVEY OF US CONSTRUCTION COMPANIES
	S16-7 CASE STUDY: DEVELOPMENT OF BIM U-EDUCATION SYSTEM WITH OPEN BIM LIBRARY
	S22-1 DESIGN PROCESS VISUALIZATION SYSTEM INTERGRATING BIM DATA AND PERFORMANCE-ORIENTEDDESIGN INFORMATION
	S22-2 DIGITAL PRODUCT PROCESS FOR CONSTRUCTION PRODUCT INDUSTRY
	S22-3 INTELLIGENT GENERATION OF BILL OF QUANTITY FROM IFC DATA SUBJECT TO CHINESE STANDARD
	S22-4 INTEGRATION OF PERFORMANCE BASED MODELING TECHNIQUES WITH BUILDING DESIGN METHOD(INDUSTRY/FACTORY) CONSIDERING ENERGY EFFICIENCY IN BANGLADESH
	S22-5 ENHANCING MAINTENANCE MANAGEMENT USING BUILDING INFORMATION MODELING IN FACILITIESMANAGEMENT
	S22-6 BIM-BASED GOVERNMENT PROCUREMENT SYSTEM- THE LIKELY DEVELOPMENT IN TAIWAN
	S22-7 THE ROLE OF IFC FOR SUSTAINABLE BIM DATA MANAGEMENT

	(S5, S11, S17)Sensing Technology for Construction and Maintenance
	S5-1 SENSING CONSTRUCTION WORK-RELATED MUSCULOSKELETAL DISORDERS (WMSDS)
	S5-2 ANATOMY OF CONSTRUCTION EQUIPMENT MOVE AND ALGORITHMS FOR COLLISION DETECTION
	S5-3 SIMPLE TOOL FOR COST ESTIMATION OF RECOVERY OF DAMAGED SITES
	S5-4 ASSESSMENT OF WSN AND RFID TECHNOLOGIES FOR REAL-TIME OCCUPANCY INFORMATION
	S5-5 DEMOGRAPHIC ANALYSIS ON THE MONORAIL AND URBAN DEVELOPMENT
	S5-6 MEASUREMENT OF STRUCTURAL DISPLACEMENT USING VISUALLY SERVODED PAIRED STRUCTUREDLIGHT SYSTEM
	S11-1 DATA STORAGE AND DATA MINING OF BUILDING MONITORING DATA WITH CONTEXTS
	S11-2 INITIALIZING VISION BASED TRACKERS USING SEMANTIC TEXTON FORESTS
	S11-3 GREEN SCORE: DEVELOPING A MEASUREMENT MODEL FOR SUSTAINABLE PEDESTRIAN-FRIENDLYENVIRONMENT BASED ON SPACE SYNTAX
	S11-4 RADIO FREQUENCY TECHNOLOGY INCORPORATED APPROACHES TO EQUIPMENT COLLISIONS ON JOBSITES
	S11-5 THREE-LEVEL RFID SYSTEM FOR ARCHITECTURAL CONCRETE PANELS TRACKING
	S11-6 APPLICATION OF USAN TECHNOLOGY FOR MONITORING TEMPORARY CONSTRUCTION
	S17-1 WIRELESS/MOBILE SENSORS FOR MONITORING WORKER’S HEALTH AND SAFETY IN CONSTRUCTION
	S17-2 DEVELOPMENT OF POSITION MEASUREMENT SYSTEM FOR CONSTRUCTION PILE USING LASER RANGE FINDER
	S17-3 SENSOR NETWORKS FOR ACOUSTIC SOURCE LOCALIZATION USING ACOUSTIC FINGERPRINT IN URBANENVIRONMENTS AND CONSTRUCTION SITES
	S17-4 RFID-BASED OCCUPANCY DETECTION SOLUTION FOR OPTIMIZING HVAC ENERGY CONSUMPTION
	S17-5 DEVELOPMENT OF LASER SCANNING SYSTEM FOR AGING INSPECTION OF BOX CULVERT
	S17-6 CONCRETE STRENGTH EVALUATION TECHNIQUE USING PIEZOELECTRIC GUIDED-WAVE PROPAGATIONS

	(S6, S12, S18)Decision Support Systems/Project Information Management
	S6-1 INTUITIVE AND USABLE RISK-BASED COST CONTINGENCY ESTIMATION MODEL FOR GENERALCONTRACTING FIRMS
	S6-2 STOCHASTIC DECISION MAKING FOR SUSTAINABLE ENERGY SYSTEM SELECTION
	S6-3 AN EXPERIMENTAL CASE-BASED REASONING MECHANISM FOR CONSTRUCTION MEDIATION
	S6-4 AN AGENT-BASED SIMULATION APPROACH TO URBAN MORPHOLOGY ANALYSIS
	S6-5 DECISION SUPPORT FOR CONFIGURATION SYSTEMS OF INDUSTRIALIZED CONSTRUCTIONS
	S6-6 DEVELOPMENT OF INFORMATION SYSTEM FOR LARGE-SCALE STRUCTURAL STEEL FABRICATOR’SPRODUCTION MANAGEMENT
	S6-7 STOCHASTIC MODELING FOR QUANTIFYING OPTIMAL INCENTIVE AMOUNTS OF EARLY PROJECTCOMPLETION
	S12-1 DEVELOPMENT AND OPERATION OF JACIC/LCDM REGISTRY
	S12-2 THE DEVELOPMENT OF CONSTRUCTION INTERFACE INFORMATION MANAGEMENT SYSTEM
	S12-3 THEORETICAL ISSUES IN ADVANCING INFRASTRUCTURE ASSET MANAGEMENT PROGRAMS
	S12-4 A CONCEPTUAL FRAMEWORK FOR TOTAL CONSTRAINT MANAGEMENT IN CONSTRUCTION
	S12-5 ETHICAL CONSIDERATION OF CONSTRUCTION UNION STRATEGIES IN JURISDICTIONAL DISPUTES BASEDON AN AGENT-BASED MODELING (ABM) AND A GAME THEORY
	S12-6 SUSTAINABLE BUSINESS PROCESS MANAGEMENT MODEL FOR CONSTRUCTION COMPANIES
	S12-7 PROPOSAL TO SUPPORT THE MAINTENANCE OF MORE THAN 20-YEAR-OLD BUILDINGS
	S18-1 PROJECT MANAGEMENT INFORMATION SYSTEMS FOR CONSTRUCTION MANAGERS (CM): CURRENTCONSTITUENTS AND FUTURE EXTENSIONS
	S18-2 A DEVELOPMENT OF INTEGRATED EVALUATION CRITERIA FOR QUALITY OF SERVICE ON PEDESTRIANNETWORKS BY USING MULTI-CRITERIA DECISION ANALYSIS
	S18-3 EXPLORING RISKS FOR URBAN RENEWAL PROJECTS
	S18-4 SIMULATION MODEL TO PREDICT PROJECT TIME AND COST PERFORMANCE OF INCENTIVE/DISINCENTIVECONSTRUCTION PROJECTS
	S18-5 SCAFFOLDING INDUSTRY KNOWLEDGE ON ERRORS IN CONSTRUCTION ESTIMATES
	S18-6 DEVELOPMENT OF 3D INFORMATION MODELS FOR THE MAINTENANCE OF SUBWAY INFRASTRUCTURES

	(S13)Inteligent Program management Information System(i-PgMIS) for Mega-Projects
	S13-1 A STUDY ON DATA INTERACTION AMONG DIFFERENT LEVELS OF DETAIL IN PLANNING PHASES FORMEGA PROJECTS
	S13-2 A STUDY ON CLASSIFICATION OF FACILITY ELEMENTS FOR SUPPorTING PROJECT DEFINITION OFURBAN RENEWAL MEGA PROJECT USING MORPHOLOGICAL BOX METHOD
	S13-3 CONSTRUCTION IETM(INTERACTIVE ELECTRONIC TECHNICAL MANUAL) FOR URBAN REGENERATION
	S13-4 DEVELOPMENT OF A WEB-BASED CBS ORGANIZATION SYSTEM FOR MEGA-PROJECTS
	S13-5 AN ECONOMIC EVALUATION SYSTEM FOR BUILDING CONSTRUCTION PROJECTS IN THE CONCEPUTAL PHASE
	S13-6 DATA MINING-BASED PREDICTIVE MODEL TO DETERMINE PROJECT FINANCIAL SUCCESS USINGPROJECT DEFINITION PARAMETERS

	(S19)Augmented and Virt ual Reality
	S19-1 EXPERIMENTAL FRAMEWORK FOR EVALUATING COGNITIVE WORKLOAD OF USING AR SYSTEM INGENERAL ASSEMBLY TASK
	S19-2 REFLECTIONS ON USING A GAME ENGINE TO DEVELOP A VIRTUAL TRAINING SYSTEM FORCONSTRUCTION EXCAVATOR OPERATORS
	S19-3 A GENERATION STEP FOR FORCE REFLECTING CONTROL OF A PNEUMATIC EXCAVATOR BASED ONAUGMENTED REALITY ENVIRONMENT
	S19-4 A SMART CRANE OPERATIONS ASSISTANCE SYSTEM USING AUGUMENTED REALITY TECHNOLOGY
	S19-5 REMOTE CONSTRUCTION WORKER LOCATION, ACTIVITY AND SAFETY MONITORING

	(S23, S28, S33)Automation and Robotics in Civil/Space /Field Enginering
	S23-1 TASK PLANNER FOR AUTONOMOUS EXCAVATOR CONSIDERING WORK ENVIRONMENT
	S23-2 DEVELOPMENT AND TESTING OF INTEGRATED BRIDGE DISASTER PREVENTION AND MANAGEMENTPLATFORM
	S23-3 SYNTHESIS AND RAPID PROTOTYPING OF MOTION FOR A FOUR-LEGGED MAMMAL-STRUCTURED ROBOT
	S23-4 RESEARCH ON PRODUCTIVITY IMPROVEMENT AND QUALITY CONTROL SYSTEM DEVELOPMENT FORAUTOMATIC LINE STRIPE REMOVAL SYSTEM USING DRY ICE BLASTER
	S23-5 A FRAMEWORK TO AUTOMATICALLY MONITOR THE POSITION OF SITE RESOURCES WITH LOWACCURACYESTIMATES
	S23-6 SENSITIVITY ANALYSIS OF SEMIAUTONOMY ALGORITHM OF MOBILE ROBOT TO ENVIRONMENTALSENSORS' FAILURE - SIMULATION RESEARCH AND EXPERIMENTAL TESTS
	S23-7 FUSION OF TIME-OF-FLIGHT CAMERA AND STEREO CAMERA DATA FOR ENHANCED 3D WORKENVIRONMENT REPRESENTATION FOR CONSTRUCTION EQUIPMENT AUTOMATION
	S28-1 MODELING AND OPERATING ROBOTIC ENVIRONMENTS USING GAZEBO/ROS
	S28-2 DEVELOPMENT OF OPTIMIZED POINT
	S28-3 STUDY ON MODELING AND CONTROL OF EXCAVATOR
	S28-4 AUTOMATION SYSTEM FOR LUNAR LANDING PAD
	S28-5 DEVELOPMENT OF A PROTOTYPE DEPLOYABLE BRIDGE BASED ON ORIGAMI SKILL
	S28-6 A STUDY OF THE CONSTRUCTION METHODS FOR THE PRESERVATION OF IMPORTANT UNDERGROUNDREMAINS
	S28-7 A STUDY ON WORKING PLAN OF INTELLIGENT EXCAVATOR
	S33-1 COMPUTATIONAL INTELLIGENCE ESTIMATION OF NATURAL BACKGROUND OZONE LEVEL AND ITSDISTRIBUTION FOR AIR QUALITY MODELLING AND EMISSION CONTROL
	S33-2 MOBILE COMPUTING PLATFORM FOR CONSTRUCTION SITE MANAGEMENT
	S33-3 AGILITY AND TRACTION FOR A LUNAR ROUGH TERRAIN EXPLORATION ROVER
	S33-4 DEVELOPMENT MONITOR PLATFORM USING GPS AND COMMUNICATION TECHNOLOGY
	S33-5 INNOVATIVE MICRO-WALKING ROBOT USING FLEXIBLE MICROACTUATOR
	S33-6 AVOIDANCE OF EARTH OBSTACLES FOR INTELLIGENT EXCAVATOR

	(S24, S29, S34)Automation in Maintenance and Inspection
	S24-1 AN APPROACH TO AUTOMATED DETECTION OF FAILURE IN TEMPORARY STRUCTURES SUPPORTED BYCONCRETE SHORING
	S24-2 A LIGHTWEIGHT IMAGED BASED BRIDGE INSPECTION SYSTEM USING FISHING POLE, FISHING LINE ANDFISHEYE CAMERA
	S24-3 AUTOMATION OF THERMOGRAPHIC 3D MODELLING THROUGH IMAGE FUSION AND IMAGE MATCHINGTECHNIQUES
	S24-4 SELF-MONITORING AND SELF-HEALING BOLTED JOINTS USING SHAPE MEMORY ALLOY
	S24-5 AUTO-REGRESSIVE COMPENSATION TECHNIQUE FOR A RELIABLE NON INVASIVE STRUCTURAL HEALTHMONITORING SYSTEM
	S24-6 ANALYSIS OF AN ARTHROPODAL SYSTEM FOR DESIGN OF A CLIMBING ROBOT
	S24-7 A SYSTEM DIAGNOSIS THROUGH THE RECOGNITION OF THE MODE OF DYNAMIC MOTIONS OF A SHAFTBY THE INDIRECT MEASUREMENT IN JOURNAL BEARING
	S29-1 A RUST INTENSITY RECOGNITION APPROACH FOR STEEL BRIDGE SURFACE COATING IMAGES BASEDON ARTIFICIAL NEURAL NETWORKS
	S29-2 MINIMIZING THE TRAFFIC IMPACT CAUSED BY INFRASTRUCTURE MAINTENANCE USING ANT COLONYOPTIMIZATION
	S29-3 GEOMETRIC EVALUATION OF ROAD SIGNS USING RADIOMETRIC INFORMATION FROM LASERSCANNING DATA
	S29-4 A FAST AND AUTOMATED METHOD FOR EXTRACTING TUNNEL CROSS-SECTIONS USING TERRESTRIALLASER SCANNED DATA
	S29-5 EFFECT OF VIEW DISTANCE AND MOVEMENT SCALE ON HAPTIC-BASED TELEOPERATION OFINDUSTRIAL ROBOTS IN COMPLEX ENVIRONMENTS
	S29-6 LOCATION INFORMATION MANAGEMENT OF RFID-EQUIPPED BUILDING COMPONENTS
	S29-7 HIBRID APPROACH OF CAMERAS AND GPS FOR DISPLACEMENT MEASUREMENTS OF SUPER LONGSAPNBRIDGES
	S34-1 A NOVEL BAYESIAN NETWORK APPROACH FOR ENGINEERING RELIABILITY ASSESSMENT
	S34-2 AN EXTENDED HAND MOVEMENT MODEL FOR HAPTIC-BASED REMOTE OPERATION OF INFRASTRUCTUREMAINTENANCE ROBOTS
	S34-3 THE DEVELOPMENT OF BUILDING MAINTENANCE SYSTEM (PBMS) FOR MONITORING REPAIRS &REPLACEMENT HISTORY IN PUBLIC FACILITY
	S34-4 APPLICATIONS OF COMPUTER VISION ONTILE ALIGNMENT INSPECTION
	S34-5 REAL-TIME NDE OF STEEL CABLE USING ELASTO-MAGNETIC SENSORS INSTALLED IN A CABLE CLIMBING ROBOT
	S34-6 DEVELOPMENT OF BUILDING-FACADE MAINTENANCE ROBOT WITH DOCKING STATION BASED ONVERTICAL CLIMBING MECHANISM

	(S25)Architecture and Planing
	S25-1 RETHINKING AUTOMATION IN THE SUSTAINABLE BUILDING
	S25-2 HIGH TECH / LOW TECH: TECTONIC MACHINES, EARTH-BUILT TRADITIONS, AND CONSTRUCTING THEEXIGENT CITY
	S25-3 DYNAMIC SITE LAYOUT PLANNING USING MTPE PRINCIPLE FROM PHYS
	S25-4 ROBOTIC ENVIRONMENTS
	S25-5 DEVELOPMENT OF ULTRA LIGHTWEIGHT HOIST ROPE OF TOWER CRANE FOR SUPER SKYSCRAPER
	S25-6 A STUDY OF WAYFINDING IN TAIPEI METRO STATION TRANSFER: MULTI-AGENT SIMULATIONAPPROACH

	(S27, S32)Management Issues in Construction
	S27-1 A STUDY ON THE FACTORS AFFECTING THE ECONOMICAL LIFE OF HEAVY CONSTRUCTION EQUIPMENT
	S27-2 IMPACTS OF MATCHED BATCH SIZES ON TIME REDUCTION IN CONSTRUCTION PROJECTS
	S27-3 DEVELOPMENT OF AN RFID SYSTEM FOR TRACKING CONSTRUCTION RESIDUAL SOIL IN TAIWAN
	S27-4 PERFORMANCE EVALUATION MECHANISM FOR ENGINEERING CONSULTANTS? CASES STUDY ON TAIPEIRAPID TRANSIT SYSTEMS
	S27-5 INTERFACE MANAGEMENT PRACTICES IN TAIWAN CONSTRUCTION PROJECT
	S27-6 DELAY IMPACT ANALYSIS METHOD FOR LOST PRODUCTIVITY IN CONSTRUCTION PROJECTS
	S27-7 BUSINESS MODELS FOR CONVERGENCE OF CONSTRUCTION AND INFORMATION TECHNOLOGY -ASENARIO PLANNING-BASED APPROACH
	S32-1 MANAGERIAL PROCESS STANDARDIZATION THROUGH ILLUSTRATIVE CASE STUDY
	S32-2 QUANTIFYING IMPACT FACTORS FOR SUSTAINABLE ROAD ENGINEERING
	S32-3 INTEGRATED FRAMEWORK FOR PRODUCTIVITY IMPROVEMENT: ACTION RESEARCH APPROACH WITHLEAN CONSTRUCTION THEORY
	S32-4 AN OPTIMIZATION MODEL FOR LINEAR PROJECT SCHEDULING CONSIDERING MULTI-SKILLED CREWS
	S32-5 PERFORMANCE EVALUATION MODEL OF THE CLIENT’S MATRIX ORGANIZATION FOR A DESIGN PROJECT
	S32-6 CASE STUDY OF DELAY IMPACT ANALYSIS OF LOST PRODUCTIVITY IN CONSTRUCTION PROJECTS
	S32-7 STAGE-GATE PROCESS INTEGRATED RISK MANAGEMENT FRAMEWORK FOR OVERSEAS LNG PLANT PROJECTS

	(S30)Collaborative Design and Construction
	S30-1 INFLUENCE OF OFFSHORE OUTSOURCED STRUCTURAL DESIGN PROCESSES ON CONSTRUCTION OPERATIONS
	S30-2 A STUDY ON THE SUSTAINING CAPABILITY OF THE CURTAIN WALL SYSTEM FOR THE ATTACHEDCLEANING ROBOT
	S30-3 EFFECT OF POLYOLEFIN FIBER ON THE ENGINEERED PROPERTIES OF CEMENT-BASED COMPOSITESCONTAINING SILICA FUME
	S30-4 DEMONSTRATIVE STUDY ON DEVELOPMENT OF A METHOD FOR　REUSABLE WALL STRUCTURE MADEOF THINNED-OUT JAPANESE CEDAR- DESIGN STUDY OF ARC WOODEN HOUSE
	S30-5 MULTI-DISCIPLINARY DESIGN COLLABORATION FOR DEVELOPING A BIM MODEL USING A HYBRIDCLIENT-SERVER AND P2P NETWORK MODEL
	S30-6 PRODUCTIVITY IMPROVEMENT IN CONSTRUCTION OF ONSHORE OIL & GAS PIPELINE TIE IN JOINTS EXECUTION
	S30-7 DESIGN COLLABORATION FOR INTELLIGENT CONSTRUCTION MANAGEMENT IN MOBILIE AUGMENTEDREALITY

	(S31)Computer-aided Design/Education /Training
	S31-1 BUILDING INFORMATION MODELING (BIM)-BASED DESIGN OF ENERGY EFFICIENT BUILDINGS
	S31-2 CAD-BASED TOOL FOR AUTOMATED PANEL CUTTING OF PREFABRICATED FACADES
	S31-3 MERIT OF COMPUTER GAME IN TACIT KNOWLEDGE ACQUISITION AND RETENTION
	S31-4 A METHODOLOGICAL ARGUMENT FOR DESIGNING ASSESSMENT OF STUDENTS’ TEAMWORK INPROBLEM-BASED LEARNING
	S31-5 MODELING DEEP BEAM STRENGTHS WITH A GENETIC PROGRAMMING SYSTEM
	S31-6 COMPUTER AIDED ITERATIVE DESIGN ? A FUTURE TREND IN COMPUTER AIDED ENGINEERING SOFTWARE
	S31-7 STUDY OF PREPARATION SPECIFICATIONS FOR 3-DIMENSIONAL TOPOGRAPHICAL MAP DATA FORROAD DESIGN IN JAPAN


	POSTER PRESENTATION
	Automation and Robotics in Building Construction
	P1-1 AUTOMATIC CONSTRUCTION QUANTITY CALCULATION SYSTEM
	P1-2 ANALYSIS OF OPERATION EFFICIENCY OF TOWER CRANE IN FORM WORK CONSTRUCTION FOR MULTIFAMILYHOUSING
	P1-3 CONCEPT OF A WALL BUILDING INDUSTRIAL ROBOTIC SYSTEM
	P1-4 DESIGN OF A MANIPULATOR FOR TELE-OPERATION APPLICATIONS
	P1-5 DEVELOPMENT OF A MEASURING DEVICE FOR CONSTRUCTION FIELD WORKER’S WORK LOAD USINGACCELEROMETERS
	P1-6 DEVELOPMENT OF WORK PROCESS OF CONSTRUCTION AUTOMATION OF FOUNDATION FOR ONE-DAY HOUSING
	P1-7 BUILT-IN GUIDE TYPE ROBOT FOR EXTERNAL WALLMAINTENANCE OF SKYSCRAPER
	P1-8 POWER ASSISTANT SYSTEM FOR HEAVY WORKER
	P1-9 ROBUST POSITION CONTROL OF ELECTRO HYDROSTATIC ACTUATOR WITH SYSTEM UNCERTAINTIESUSING SLIDING MODE CONTROL AND NEURAL NETWORKS ALGORITHM
	P1-10 ROBUST CONTROL OF HYDRAULIC ACTUATOR USING BACK-STEPPING SLIDING MODE CONTROLLER
	P1-11 DEVELOPMENT OF TIME VARYING SLIDING MODE CONTROLLER WITH FUZZY SYSTEM FOR AUTOMATICEXCAVATOR
	P1-12 BASIC EXPERIMENT FOR A FASTENING DEVICE FOR THE VERTICAL OUTER WALLS OF HIGH-RISEBUILDINGS
	P1-13 MEASUREMENT OF VACUUM SUCTION FORCE ON DIVERSELY CONFIGURED VERTICAL OUTER WALLSOF BUILDINGS
	P1-14 CRITICAL ENGINEERING CHARACTERISTICS OF AN AUTOMATED PULLING MACHINE FOR IMPROVINGSAFETY IN CONSTRUCTING STEEL BEAM AND GIRDER HAVING IMPROVED SHAPE
	P1-15 THE POSITION AND ORIENTATION MEASUREMENT OF GONDOLA USING A VISUAL CAMERA
	P1-16 A STUDY ON ALGORITHM OF PROGRESS MANAGEMENT PROTOTYPING IN STEEL CONSTRUCTION

	Building Information Modeling
	P1-17 INTRODUCTION OF CONSTRUCTION MANAGEMENT INTEGRATED SYSTEM USING BIM IN THE HONAMHIGH-SPEED RAILWAY LOT NO. 4-2
	P1-18 INTEROPERABILITY TESTS BETWEEN IFC CERTIFIED SOFTWARE FOR OPEN BIM BASED QUALITYASSURANCE
	P1-19 A STUDY OF IMPROVING SAFETY EDUCATION FOR OVERSEAS CONSTRUCTION WORKERS

	Computing in Construction and Management
	P1-20 USING DEMATEL AND ANP METHODS TO DEVELOP A MAINTENANCE RATING PROGRAM (MRP) INTAIWAN
	P1-21 DEVELOPMENT OF CBR-BASED ROAD CONSTRUCTION PROJECT COST ESTIMATION SYSTEM
	P1-22 INFORMATION RETRIEVAL IN CONSTRUCTION HAZARD IDENTIFICATION
	P1-23 FINITE ELEEMNT FRONTAL CRASH ANALYSIS OF NEV VEHICLE’S PLATFORM WITH UPPER AND SUBFRAME BODY
	P1-24 FUZZY BASED CONDITION ASSESSMENT MODEL PROTOTYPE OF MIDDLE AND SMALL-SIZE BUILDINGS
	P1-25 OPTIMIZED EARTHWORK PLANNING METHODOLOGY FOR LAND DEVELOPMENT PROJECTS
	P1-26 FORM WORK MANAGEMENT BASED ON UBIQUITOUS COMPUTING FOR HIGH-RISE BUILDING CONSTRUCTION
	P1-27 OPTIMUM PERFORMANCE EVALUTION OF REINFORCED SPRING SUSPENSION SYSTEM USING NONLINEAR ANALYSIS METHOD

	Decision Support Systems / Project Information Management
	P1-28 PREDICTION MODEL FOR HOISTING TIME USING LUFFING-TYPE CRANE FOR HIGH-RISE BUILDING CONSTRUCTION
	P1-29 SCHEDULING MODEL FOR MULTIPLE CONSTRUTION PROJECTS
	P1-30 A) ANALYTICAL STUDY ON INFLUENCE OF CAUSES FOR DESIGN CHANGE AT EXECUTION PHASEFOCUSED ON PRIVATE COLLECGE FACILITY PROJECTS-
	P1-31 DEVELOPING THE KNOWLEDGE MANAGEMENT SYSTEM BASED ON BUSINESS PROCESS
	P1-32 A STUDY ON THE USE OF WEATHER INFORMATION IN CONSTRUCTION SCHEDULE MANAGEMENT
	P1-33 EDUCATION SYSTEM FOR JAPANESE CONSTRUCTION SITE ENGINEERS IN QUALITY MANAGEMENT

	Sensing Technology for Construction and Maintenance
	P1-34 DATA ACQUISITION FOR STOCHASTIC LOCALIZATION OF WIRELESS MOBILE CLIENT IN MULTISTORY BUILDING
	P1-35 HIGH EFFICIENT SYNCHRONIZATION-ON-DEMAND PROTOCOL OF IEEE802.15.4 WIRELESS SESNOR NETWORK FOR CONSTRUCTION MONITORING
	P1-36 ENVIRONMENTAL THERMAL ENERGY SCAVENGING POWERED WIRELESS SENSOR NETWORK FOR BUILDING MONITORING
	P1-37 DEVELOPMENT OF AN INNOVATIVE BRIDGE MONITORING SYSTEM FOR MULTI DISASTERS

	Architecture and Planing
	P2-1 A METHOD OF VALUE SYSTEM DESIGN FOR REALIZATION OF PROJECT GOALS IN THE URBAN REGENERATION PROJECT
	P2-2 A PLAN OF APPLYING BIM FOR IMPROVING INFORMATION COMPATIBILITY AT INITIAL PHASE OF BUILDING PROJECT
	P2-3 THE EFFECT OF THE QUALITY OF APARTMENT HOUSES ON THE RESIDENTIAL SATISFACTION AND CORPORATION PERFORMANCE

	Augmented and Virt ual Reality
	P2-4 GENERIC USER MANUAL FOR MAINTENANCE OF MOUNTAIN BIKE BRAKES BASED ON AUGMENTED REALITY
	P2-5 THE INTEGRATION OF LOCATION-BASED SERVICE AND AUGMENTED REALITY TECHNIQUES TO A ROAD MANAGEMENT SYSTEM

	Automation and Robotics in Civil/Space /Field Enginering
	P2-6 ROBOT SYSTEM FOR REMOVING ASBESTOS SPRAYED ON BEAMS
	P2-7 FIELD APPLICATION OF A ROBOTIC SYSTEM ON CABLE STAYS OF INCHEON BRIDGE FOR SNOW REMOVAL
	P2-8 THE MECHANICAL ANALYSIS OF A LEGGED FIELD ROBOT FOR THE REDUCTION OF LONGITUDINAL MASS-DRIFT AMOUNTS
	P2-9 A DEVELOPMENT OF 3D IMAGE DATA MERGING MODULE FOR INTELLIGENT EXCAVATION SYSTEM
	P2-10 DEVELOPMENT OF CABLE CLIMBING ROBOTIC SYSTEM FOR INSPECTION OF SUSPENSION BRIDGE
	P2-11 CONCEPTUAL DESIGN OF AUTOMATIC FOOTING DEVICE FOR MODULAR HOUSING CONSTRUCTION TECHNIQUE
	P2-12 INTELLIGENT BRIDGE INSPECTION USING REMOTE CONTROLLED ROBOT AND IMAGE PROCESSING
	P2-13 WINDOW CONTAMINATION DETECTION METHOD FOR THE ROBOTIC BUILDING MAINTENANCE SYSTEM
	P2-14 DYNAMIC DESIGN OF HYDRAULIC PRESSURE CONTROL VALVE OF ACTIVE SUSPENSION SYSTEM USING EXPERIMENTAL METHOD
	P2-15 AUTONOMOUS TRACTION CONTROL FOR THE INTELLIGENT EXCAVATOR SYSTEM
	P2-16 AN EXCAVATOR SIMULATOR FOR AN INTELIGENT EXCAVATING SYSTEM
	P2-17 AN OBJECT DETECTION ALGORITHM FOR 3D TERRAIN DATA COLLECTED VIA LASER SCANNING

	Automation in Maintenance and Inspection
	P2-18 AN EXPERIMENTAL STUDY OF AUTOMATIC CLEANING TOOL AND ROBOT FOR FACADE IN HIGH-RISE BUILDINGS
	P2-19 FACADE CLEANING PROCESS ANALYSIS AND EVALUATION FOR THE DEVELOPMENT OF AN INTELLIGENT ROBOTIC SYSTEM FOR HIGH-RISE BUILDING MAINTENANCE
	P2-20 INTELIGENT CRACK DETECTING ALGORITHM ON THE CONCRETE CRACK IMAGE USING NEURAL NETWORK
	P2-21 A STUDY ON HYBRID FORCE/ MOTION CONTROL FOR AUTOMATED ROBOTIC BUILDING MAINTENANCE SYSTEM

	Computer-aided Design/Education /Training
	P2-22 SPACE PLANNING WITH GREEN PERSPECTIVE
	P2-23 OPTIMIZATION OF MANUFACTURING CONDITIONS FOR SPLINE OF DRUM CLUTCH HUB TAGUCHI METHOD
	P2-24 PC BASED COMPUTER- AIDED TRAINING PROGRAM FOR HARBOR STRUCTURE DESIGN
	P2-25 DESIGN OF MOORING FITTINGS OF SHIP EPQIPMENT BY USING THE FINITE ELEMENT METHOD

	Energy Efficiency
	P2-26 A STUDY ON HIGHLY EFFICIENT CARGO HANDLING SYSTEM
	P2-27 A STUDY ON THE METHOD OF ESTIMATING ENVIRONMENTAL LOAD ON EARTHWORK

	Management Issues in Construction
	P2-28 CO2 EMISSIONS FROM FOREST CLEAR CUT IN ROAD CONTRUCTION PROJECT
	P2-29 CAUSES ANALYSIS OF UNSOLD NEW HOUSING STOCK BY CAUSAL LOOP DIAGRAM
	P2-30 STUDY ON A WAY TO ESTIMATE REASONABLE COST OF CONSTRUCTION WORKS-FOCUSED ON FORMWORKS IN KOREA-
	P2-31 STUDY ON THE MAJOR DELAY FACTORS IN FINISHING WORKS BEFORE COMPLETION OF CONSTRUCTION
	P2-32 ANALYSIS OF SUCCESS FACTORS IN CONSTRUCTION IT CONVERGENCE
	P2-33 A CONCEPTUALIZATION FOR THE AUTOMATION OF A LIFT CAR OPERATION IN HIGH RISE BUILDING CONSTRUCTION
	P2-34 A DERIVATION OF THE FACTORS FOR RISK MANAGEMENT IN THE U-CITY CONSTRUCTION INDUSTRY
	P2-35 DEVELOPMENT OF THE PERFORMANCE MANAGEMENT PLAN BASED ON RISK MANAGEMENT BREAKDOWN STRUCTURE AT BUSINESS PROCESSES IN THE CENTRAL CITY MIXED-USED REGENERATION


	Search This CD-ROM
	Exit



