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Abstract

The professionals in the vertical and horizontal construction have tested methods to enhance the quality,
safety, environmental impact, delivery time and cost control in their works promoted in learning
organisations. Automation strategies applying robots and technology has been a focal point in industry of
manufacture by its benefits in productivity levels and quality of works, and in some cases, without affecting
other factors in a long -term period. The construction industry is playing a predominant economic heading

in certain countries. The refore, the adoption of Unmanned Aerial System (UAS) and Building Information
Modelling (BIM) methodology as an automation strategy represent in short and long terms positive
economic impact. UAS or drones have been used for cargo and data capturing in the built environment.
Nowadays, the construction of infrastructures is the most benefited project from UAS implementations by
gathering visual data of cracks, obstructions, energy levels, traffic and current conditions of the projects
fulfilling the gap of h uman risks reduction, speed on data collection, and digitalisation of the real -world
along with BIM. However, there is a breach in reliability and awareness on the UAS application cases in the
infrastructure sector.

The aim of this paper is to present the reasons and the application case of the UAS from the topography
department of a Water Supply public organisation. The findings show that the UAS achieved a higher level

of productivity and efficiency in the daily pre  -construction works for designing pipeli nes. The case covers
sewer identification and georeferencing in rural areas where the satellites were unavailable to show the

state accurately. The tool used was an RTK DJI Phantom 4 to survey the site conditions in BIM format. The
integration of UAS in Bl M showed a higher level of productivity and efficiency in the employee's workflow

in terms of data collection contrasting to old  -fashion methods.

© 2020 The Authors. Published by Budapest University of Techn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: survey, infrastructure, BIM, UAS, water supply

1. Introduction

Bridges, roads, railways, tunnels, water supply, sewers, electrical grid a nd telecommunications are
infrastructures that underpin urban and rural services over a considerable period. Nowadays,
infrastructure assets demand costly and extensive processes of construction, maintenance, inspections,
rehabilitation, and restoration. T he current workflows to survey the facilities involve high  -risk exposure of
the personnel, utilisation of site specialised machinery, exhausting walking distances, fastidious traffic
diversion, and environmental impact which can significantly impact the pr oductivity, quality, and cost of the

Automation and Robotics for Construction 2


https://doi.org/10.3311/CCC2020-001
mailto:h.d.reynosovanderhorst@wlv.ac.uk
mailto:d.heesom@wlv.ac.uk
mailto:s.subashini@wlv.ac.uk
mailto:suresh.renukappa@wlv.ac.uk
mailto:k.burnham@wlv.ac.uk

Proceedings of the Creative Constructic@enference (220) 00L
Available online a¢-2020.creativeconstructionconference.corfproceedings/

projects. Therefore, automation strategy is required to provide trustworthy, durable records and resource
maximisation of the public assets.

The built environment investments, in some nations, represent up to 50% of the ir national budget,
indicating to be a sector to be optimised. However, tools and software have emerged to fill the gap in
productivity as an Unmanned Aerial System (UAS) or drones integrated into Building Information Modeling
(BIM). Several developed coun tries have applied automation strategies in the built environment through
digitalisation. They are promoting efficiency in construction project data creation, storage and modification.
Researchers well understand that on along -term basis, construction dig itisation presents positive evidence
of increasing transparency levels, productivity and effectiveness on the projects schedules and cost
management [1].

In the context of developing countries, the adoption of technologies can be reduced or minimal. The
National Institute of Potable waters and Sewerage (INAPA) is a public institution in the Dominican Republic
intending to consolidate an automation strategy utilising UAS. INAPA is responsible for meeting the need S
and demands of the urban and rural population of the country with adequate non -potable water, sewers
waters services, residual treatment plants and to develop and approve plans. Therefore, the department

of topography is in charge of: gathering georefere  nced terrain elevation data; locating pure water sources,
ubicate the conditions of the sewer; calculate, design, inspect, and redesign parts or the entire
infrastructure, the buildings concerned to the water supply source in the country. The department in spects,
builds, rehabilitates, and redesigns aqueduct, sewerage system, water treatment and offices in the
countryside division. The department manages a large number of projects and subsequently is seeking to
incorporate an automation strategy throughout UAS and BIM application by the following reasons: facilitate
easier and faster sharable visual data of the working process, Increment workers safety against hazard
environment effects and climate change effects; boost the productivity in their workflows to achieve the
annual institution's goals on budget; obtain a higher level of details and accuracy of the terrain models,
project site and incorporate visual records of the progressed accomplishment; foment the reliability and
transparency of the work proces s, site conditions and environmental concerns related to the external
factors and impacts of the projects; implement innovation as a functional and creative approach for
construction solutions to the quotidian works.

The traditional workflows in the instit  ution operate in not -automatic for site condition inspections, surveys
and 2D CAD design. These approaches inherently produce several delays in the water supply systems in
the context of reparation and supply demands. The aim of this paper is to report a comparative analysis of
the existing traditional methods of developing a water supply design against the case of UAS in BIM
integration in the current workflow. By using a real  -world project and data, the work seeks to contrast the
productivity increase ra te when UAS is used as opposed to traditional approaches.

2. Literature r eview

The application of aerial robots' has been explored in various industries to identify their effectiveness in

the last 5 years. Most recently, aerial robots have been applied for  spray disinfectant for COVID -19 in China,
Cargo biological samples in the Dominican Republic, and determinate culture hydration levels in the
agricultural field in Brazil. In contrast to the built environment, which the drone is mostly applied for
visualisation and mapping. In any context, the UAS is applied with the aim to: reduce human risk exposure;

use as a transport, digitiser and data record, then finally gather faster and numerous data from the
environment that with the current instrument could not be possible to reach. However, the maturity in the
UAs application relies on sensors and capabilities.

2.1. Unmanned Aerial System

The Unmanned Aerial System (UAS) or drone operates in three modes: manual, semi  -autonomous and
autonomous according to the manufacturer physical and software designs. The unpiloted aircraft is
capable, per se,to transport sensors or goods. The sensors sel ection criteria perform a predominant role
in infrastructures tasks assessments. Sensors such as GPS, thermal camera, RBG camera and LIDAR sensors
enable crack inspections, energy monitoring, traffic monitoring and assets allocation in and around projects

[2]. The visual data produced by RGB camera and thermal sensors endorse the tasks and data analysis
compromising an adoption or not of a strategy. The UAS capture images that can be administered for the
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different department ont he institution as the essential step and 3D reconstruction of the site for a more
detailed and technical overview [3]. The integration of digital strategies based on emerging technologies
pave the concepts of digital designs, pr ocesses, technologies, and finally, the shift paradigms of new
workflows adoption as the integration of 3D models.

2.2. Infrastructure p rojects

In the infrastructure sector, the frequent applications of UAS are focused on bridge inspections undertaking
cracks inspections and 3D reconstruction tasks [4] [5] [6] [7], in water supply quantification of damages by
natural events and infrastru cture maintenance [8] [9] [10]. In the case of roads pavement [11], electrical
grids [12] [13], telecommunication, railway, tunnels [14] and sewers identification [15] there is a gap in
scientific literature and maturity of the UAS operation. Furthermore, the current implementa tions are
focused on reducing human risk exposure, gather and digitalise data for specific tasks and increase the
amount and speed data in projects. The 3D reconstruction of the infrastructure allows generating a virtual
representation of the geometry embe dded in the infrastructure and compared with the actual designs. The
UAS enables the Building Information Modelling data to be visualised in 3D, added parametric information,

and provide as -built geometry. The role of UAS is filling the gap in  automating reconstruction of the physical
world into 3D digital format instead to be designing from 2D CAD or abstracts representations. Generally,

the commercial software packages involved in 3D BIM are commonly Revit, Civil 3D, and Rinho, which drives
the designs a nd monitor records during the construction project execution.

3. Research methodology

The aim of this paper is to present a comparative analysis of the existing traditional methods of developing

a water supply design against the case of UAS approach in t he current organisation workflow. The
illustrative case of study investigates the contrast of productivity rate between traditional and digital survey
method. The hypothesis was regarding UAS effectiveness to reduce time in the department. Therefore, the
UAS approach can improve the accuracy and speed of designing process reconstructing visual data and
adding to a digital platform or BIM.

3.1. Traditional m ethodology

The actual design method is carried out with an RTK station on site. Previous assessments u  sed to be taken
by google maps facing the challenges of accuracy and clarity of the sites. The google historical design data
against the old storage images on the computer provoked productivity issues in the department. Therefore,

the team of engineers use d to travel to the site and identify the path segments to be surveyed. Manual
sewers georeferencing is usually taken to locate the GPS coordinates in the map. Sometimes, the process
gets confusing by the different stakeholders involved in the project. Then , the results were configurated
into a spreadsheet file and exported into the 2D CAD designs in Civil 3D. As a result, the speed of the process
created delays, communication issues and long waits for communities to receive the water services. Then,

the ide a of UAS was examined to improve productivity.

3.2. UASworkflow integration

The literature presents the cases of sewers location [15], road pavement [11], dams inspections [9] and the
frameworks of UAS bridge inspections, [4]; undertaking a UAS 2D and 3D approach according with the task

to be addressed [3]. Therefore, the framework of the automation process lies in the decision to adopt
strategies thought digitalisation with - and without reality reconstruction. In the majority of the cases, the

3D reconstruction is used to provide a more significant amount of data that support site overview,
measurements and capab ilities. For this project, the approach was proofing the effectiveness of the UAS -
imaging assessment to the department. The workflow presented in Fig. 1. express the process of UAS
integration for infrastructure projects.
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Built Environment Project
+

Reasons for Automatize
1
Tasks Application
Pipsline Design

UAS Selection Criterial
GPS System & Resolution

Mission Flight Plan
Weather Conds

er Conditions, Battery, Alfitude

UAS-based data reconstruction
FixdD
2D Data 2o 3D Data
DTM - Contour Lines Point Cloud

1
Data Analysis on CAD platform
1

Pathway Design
Sewer georeferenced

Fig. 1. Typical Workflow of UAS application

3.3. UAS dhta reconstruction

The pathway was delimited to 1.3km area where was needed the water pipeline supply. Seven ground
control points were used as confirmation points between the model distances. Using the data captured
from the UAS, a Digital Elevation Model (DEM) and a Digital Terrain Model (DTM) were generated to identify
the field conditions (Fig. 2.) and extract the contour lines. Technical aspects of urban planning were
considered for future site demands, land usage and human mobil ity? the point cloud generated with a
0.0018 distance between points allowed to produce 3D 0.2m distance contour lines. The DTM was passed
to Qgis where the contour lines were generated and exported to Autodesk Civil 3D to reconstruct the terrain

in Revit as a topography surface finally. The contour lines were superposed to identify the pipeline pathway
line. Then, the contour lines were overlaid on the DTM appreciating the soft terrain pathway.

Fig. 2. (a) Photogrammetry 3D Reconstruction; (b) Site 3D v iew

The cross-section was extracted taking the civil 3D (Fig. 3. (d)) software and then, suggested to be
reconstructed in Revit (Fig. 4. (c)) to visualise and quantify the material requirements. The 2D and 3D of the
site allowed the engineers and archite cts to understand the irregularities of the area, identify current issues
within the site boundary. Besides, the design contemplates the environment conditions, traffic congestion

by the airport proximity and the impact on existing infrastructures.

&7.41
Fig. 3. (a) Segment of the 2D orthomosaic overlaid with the pipeline design; (b) Contour lines, altitude points lines, blue square ar e
houses, the pink polygon is the main reservoir, black lines indications of street edges; (c) Overview of the pathway and high -

resolution image;(d) cross -section of the path.

Furthermore, the Pix4D software was used to visualise and georeference the sewers and their conditions
(Fig.4. a, b). The 3D reconstruction of this element allowed the engineers to locate the conditions and step
into rehabilitation if it was required.
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Fig. 4. (a) Sewer identification status; (b) identification of possible obstruction of the sewers by construction works; (c) Point CI oud up

to the Pipeline location

4, Comparative w orkflow

The workflow implemented to allow the organisation to present a significan t amount of time and resources
during the topography works. As shown in table 3 and 4, the major contribution of the implementation is
observed in the initial stages.

Table 3. Traditional Pipeline Design Workflow Table 4. UAS-BIM Pipeline Design Workflow
Project Phase Description Days Personnel Effort Total Project Phase Description Days Personnel Effort Total
Data Capture Field-based RTK 6 4 24 24 Data Capture UAV Flight 1 1 1 1
survey
Survey Point Cloud and
Survey . Data arrangement 1 1 1 Processing Contour Generation 1 1 1
Processing for Cross-section

development in
Excel

Topographic surface

] - et 05 1 0.5 35

opographic point 1 1 1 4

processing Cross / Long Section 2 1 2
Creation

Contour line 2 1 2

Generation

S . Pipeline Creation of the 3D
Pipeline 2D Plan draughting 7 1 7 7 Design Geometric Alignment 7 1 7 7

Design and BIM

The results demonstrate an overall effort reduction of nearly 69% concerning the e ntire pipeline design
process. A significant decrease of 96% in the effort is identified in the data acquisition. In addition to the
initial, 25% in the overall process was reduced. Moreover, the new approach brought visual information
regarding the condit ions that routine survey works may not be carrying in.

5. Conclusion

The application of UAS workflow in BIM increases the productivity and quality of the pipeline design work.

The implementation of the UAS improved the accuracy and speed of the design pro cess. The surveying and
3D reconstruction of the site have been the biggest contribution to the automation strategy. The Cross
sections used to be developed from the RTK survey, now are generated directly from either a point cloud

or orthomosaic. It was pe rmitted to manage a higher amount of data and facilitate information transfer
between different departments. Furthermore, software as Pix4D allowed identifying the current conditions

of sewers and their GPS location. Future works are focus on exploring the  interoperability between software
platforms and the integration of emerging technologies such artificial intelligence and the internet of things

to enrich the UAS effectiveness in infrastructure projects, UAS photogrammetry techniques, sensors and
economi c feasibility according to the context applied.
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Abstract

Salt damage is a common problem at ma ny heritage sites and historical buildings. The accumulated salt
can aggravate moisture problems, cause inconveniences in use, and physical decay of the structures, most
commonly the damage of the plaster layers. Internet of things(loT  -s) are becoming part of our advanced,
contemporary toolset, which in case of proper establishment and settings enables us to collect data of the
investigated facilities continuously, without a regular professional presence on site. In this research, an
attempt has been made f or continuous monitoring by the mean of a custom -designed single -board
computer -based automatic survey station. The system records environmental (i.e., temperature, relative
humidity) and visual data that enables state recording on a regular base in order to monitor historic
buildings for preservation purposes.

© 2020 The Authors. Published by Budapest University of Techn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: state survey, automated diagnostic system, surface condition monitoring, building health monitoring loT

1. Introduction
1.1. Salt problems in historic buildings

Problems caused by moisture and salt are common at herita  ge sites and monuments. There are several
reasons behind the appearance of damaging salts in structures, which issues have been discussed by many
authors. [e.g. 1 -4] Salt problems can be triggered by the missing or inconvenient damp proofing, the
damage of water or wastewater pipes, de -icing activities, inappropriate use of building materials, etc. In
some cases, even by the storing and preservation of historic artifacts in the museums can cause salt
problems. [5 -6]

Because of the numerous factors, sometime s it can be a challenge to reveal the exact source of the
appearing salt and moisture or to answer the question when and at what climatic conditions the salt
damage occurs. For a more profound investigation of the background of these problems, we need to
improve our toolsets used for monitoring historic buildings.

Some previous research aimed to have a proper system for the diagnostics and the monitoring of the state
of historic sites [1, 7 -8]. Recently, the automation of some aspects of the monitoring has also been tested
[9-12].
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1.2. The goals of this study

In this research, an attempt has been made to monitor the behavior of salts (i.e. appearance of
efflorescence) on a wall surface without continuous human presence. The solution could be an loT-based
automated inspection unit that later, according to our future development plans, can be part of a system

for the regular remote monitoring of historic sites and building stocks.

The developed and demonstrated 10T is responsible for taking digital images and detect the temperature
and relative humidity repeatedly and automatically in previously defined time intervals, replacing the
continuous human presence on the site. It enables us to collect data and to analyze the surface state
continuously.

2. Research method

For the purposes of the research, a test surface was produced, that was investigated with a uniquely
designed automated survey unit.

Fig. 1. The test substrate

2.1. The test substrate

As the subject of the investigations, a plastered test s ubstrate was made in an aluminum frame. The
material of the substrate was prepared from lime putty and quartz sand with a binder to aggregate ratio of

1:4. The plaster was applied in two layers. The surface finish of the substrate was prepared differently in
the four quarters of the plaster (Fig 1.) to create altering optical environment for the expected efflorescence:

1 upper -right corner in Fig 1. (upper -left corner in final position) - rendered surface
1 lower -right corner in Fig 1. (upper -right corner in fi nal position) - smoothed surface

1 upper -left corner in Fig 1. (lower -left corner in final position) - rendered surface painted with yellow
ochre

1 lower -left corner in Fig 1. (lower -right corner in final position) - rendered, diagonally patterned surface
partially painted with yellow ochre

Finally, we erected t he-cldckwesenand placed itin feodt of8h@ Stateo wsorvew unit.
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2.2. The statessurvey unit
2.2.1 The used hardware

The core of the hardware was a Raspberry Pi Zero W single -board computer, which was equipped with a

Raspberry Pi V 2.1 camera module and a Grove Base Hat for the connection of the peripherals, like the

sensors and the relays. The relative air humidity and the temperature are measured with an SHT31 Grove

I2C tempe rature and humidity sensor, and an analog moisture sensor (Grove Moisture Sensor v1.4) which

was placed 20mm deep in the sample substrate. To ensure stable light conditions for the photos to be

taken, an LED lamp was attached, that was supplied by electric  power individually. Two relays were also

used to switch a LED light and to switch off the power of the moisture sensor to reduce its corrosion during

the time of the project. Finally, Raspbian Linux operation system was installed on the computer. The pric e

of the survey unit was round & 130, which is an accepta
testing possible alternative hardware.

Fig. 2. The hardware - (a) state survey unit (b) test substrate (c) LED lamp

2.2.2 The possible alternatives

During the development time, we also took an attempt to create a smaller, cheaper, and more simple

version of the state recording unit. The use of an  ESR32-CAM module with a DHT22 humidity and
temperature sensor was considered as the first alternative. The unit was equipped with and USB lamp,

which was switched from a 3.3V relay modul e. The pric
development b oard seemed to have a too modest capacity to run the camera, the relay, and the DHT

module together.

We also built a unit with a Raspberry Pi Zero W and Raspberry V 2.1 camera module again, equipped with
a DHT22 temperature and humidity sensor, and a 3.3V  relay, that was responsible for switching the USB
led light. The light was fed from the same power supply as the Pi Zero this time. However, this second unit
started to work only recently, so the experiences will be published later.
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2.3. The performance of sdt tests on the test sample

In the frame of the sample substrate, 45mm deep holes were bored sidewise, that were used to inject saline
solutions and water into the substrate. Initially, we injected diluted sodium -chloride (NacCl), and diluted
calcium-nitrat e (Ca(NQs).) several times in the system. Still, later we decided to use saturated sodium -
chloride solution to increase the amount of the efflorescence.

Regularly, but on random days (altogether 58 times during the experiment), we also injected 6ml ordinar y
tap water to one or both top quarters of the substrate to have the salts transported towards the surface.

2.4. The activity of the unit

For taking photos, recording the measured values of the sensors, and controlling the relays of the system,

a simple python code was written. The survey unit recorded the values of the sensors every second hour
and took one photo every day. The data were recorded to atab  -separated text file; the photos were saved
in a folder on the single -board computer. The system was running for preliminarily defined durations;
however, after 30 to 45 days, we usually stopped and restarted it.

We used VCN Viewer application to control the unit, namely to manage the software and to up - and
download data from the system. This remote control was really useful to reach the lab from a distance
during the days of the COVID -19 epidemy in the spring of 2020.

We let the system run for 11 months from June 2019 to May 2020.

3. Discussion
3.1. Observations
3.1.1 Efflorescence

It was realized in the beginn ing already, that the effect of the diluted saline solutions would not turn out for

a long time, neither in the case of sodium -chloride nor of calcium -nitrate. The reason is that the salt, which
was stemming from the injections, did not make such amount of salt accumulation, which would cause
efflorescence on the surface. Therefore, as far as we aimed a visible result, we decided to add a series of
saturated saline solution injections, which were followed by efflorescence within a few days. This
phenomenon can be observed in the photo series of Fig 3. With the help of the daily taken photos, we can
follow the changes in the salt deposit on the surface of the sample substrate.

Fig. 3. Changing state of the plaster on some selected side -light pictures taken by the survey unit (a) June 2019; (b) September 2019;
(c) December 2019; (d) Mach 2020; (e) May 2020

3.1.2. The work of the sensors

The SHT31 Grove 12C temperature and humidity sensor seemed to work well. The daily environmental
circumstances were recorded properly without failure. The average values of the daily recorded data are
demonstrated by the diagrams in Fig 4.a and Fig 4.b.

The applied contact moisture sensor, however, seemed to be idle, because of the low sensitivity to the
moisture in the solid structure (Fig 4.c). While far from the injection (controlled with a Voltcraft MF -90
capacitive moisture meter unit) the moisture content of the sample substrate was approximately 29 -33%,
close to the efflorescence (at the place where the built  -in sensor was placed) the value vas 42 -48%, however,
the sensor showed no relevant changes regarding the values.
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Testing the sensor independently from the system, even round 100% percent of water/moisture content
showed hardly any changes at its values, so thi s sensor type, which was developed to indicate soil moisture,
was considered to be inadequate for our goals.
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Fig. 4. Changes in the environmental circumstances (temperature, relative humidity) and the moisture

4. Summary

It can be stated that simple survey systems, like the one presented in this paper, are capable of recording
the appearance of salts and the changes on plastered surfaces of historic masonry structures as a function

of temperature and relative humidity. Salt damages triggered by climatic changes can thus be easily
recorded as well as results may support conservators and maintainers to take appropriate actions to reduce

the damage.

5. Future plans

As a next step, with the help of our set of state recording units, on  -site surveys will be done at salt -laden
historic masonries. The second alternative mentioned above seems to provide a feasible solution for our
future plans.
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Abstract

The AEC industry is nowadays one of the most hazardous industries in the world. The construction sector
empl oyees about 7% ofrcetbhtés responmsiblel fars30 wil6% &f fatblities. As statistics
demonstrate, interferences between workers  -on-foot and moving vehicles have caused several injuries and
fatalities over the years. Despite safety organizational measures, passive safety devices imposed by
regulations and efforts from training procedures, scarce improvements have been recorded. Recent
research studies propose technology driven approaches as the key solutions to integrate standard health

and safety management practices. This is mo tivated by the evidence that the dynamics of complex systems
can hardly be predicted; rather a proactive approach to health and safety is more effective. Current
technologies installed on construction equipment can usually react according to a strict logic , such as
sending proximity alerts when workers and equipment are too close. Nevertheless, these approaches
barely do make informed decisions in real -time, e.g. including the level of reactiveness of the endangered
worker. In similar circumstances a digita | twin of the construction site, updated by real -time data from
sensors and enriched by artificial intelligence, can pro -actively support activities, forecasting dangerous
scenarios on the base of several factors. In this paper a laboratory mock  -up has bee n assumed as the test
case, supported by a game engine, which is able to replicates the job site for the execution of bored piles.

In such a scenario populated by an avatar of a sensor -equipped worker and a virtual driller, a Bayesian
network, implemented  within the game engine and fed in runtime by sensor data, works out collision
probability in real -time in order to send warnings and avoid fatal accidents.

© 2020 The Authors. Published by Budapest Universitiyg of Techn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: artificial intelligence, building information modeling, digital twin, real -time system, real -time health and
safety management

1. Introdu ction

The AEC industry represents nowadays one of the most hazardous productive sectors [1]. In fact, it employs

only about 7% of the worl dAs wozAORo off fasalitiese Statiatids, refeged toe s pon s
different countries, demonstrates that the construction safety is a perennial global problem. In United

States the census data from the U.S. Bureau of Labor Statistics (BLS) showed that a total of 774 workers

died from injures they suffered on construction sites in 2010, accounting for 16.5% of all industries. The

fatality rate (9.8 per 100,000 full -time equivalent workers) ranked the fourth highest among all industries.

Within the two decades 1990 and 2000 more than 26,000 U.S. construction workers have died at work. That

equates to approximately five construction wo rker deaths every working day [2]. Over six hundred
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construction worker deaths, occurred in the United States during the inclusive years of 2004 to 2006, were
related to construction equipment and contact collisions  [3]. The statistic can be explained by the dynamic
work tasks which take place in construction sites and involve mul tiple resources, such as personnel,
equipment and materials. These resources are often in motion and can come in close proximity to each
other; because of the unstructured and almost random movement of the manifold of resources involving
different trades o n job sites, available space can be temporarily limited or constrained. If not coordinated
and organized properly through optimized work planning, spatial interference can lead to incidents. One

of the main safety problems in construction has been identifi ed as the proximity of workers -on-foot to
heavy construction equipment. Lower awareness and loss of focus due to fatigue, task repetition and blind
spots affect the totality of construction sitesA acto
equipment can usually react according to a strict logic, such as sending proximity alerts when workers and
equipment are too close [3], and provide an estimation of work ing areas in order to prevent collision
accidents [4]. Nevertheless, these approaches barely do make informed decisionsinreal  -time, e.g. including
the level of reac tiveness of the endangered worker.

The current research develops a twin model of the Digital Construction Capability Centre (DC3), using Unity
3D, to simulate the execution of bored piles. The serious game application implements a Bayesian network
which, fed by data from sensors, provides in real -time the linear, rotational and overall collision probability
affecting workers -on-foot. This paper is organized as follows. Section 2 provides a description of applied
technologies and introduces the developed system architecture. Section 3 reports the experiments and the
related results. Section 4 is devoted to conclusion.

2. Materials and methods

2.1 Development of the digital twin in a gaming environment

The digital twin concept, that is the real -time virtual representation of a physical entity across its life ~ -cycle,
originates from the manuf act ui5. nghe nearfuture,tdigital twinswillttakee ear | vy
a center stage in the Architecture, Engineering and Construction (AEC) industry as an instrument to support

better informed decisions [6]. Sensors data will be delivered from the real environment, such as a

construction jobsite, to its virtual mirror; here, fast forward simulations based on Al technologies can help

to predict future scenarios . The devel opment of a buildingAs digital t
which includes physical space, sensors and mechanical physics. For the purpose of this paper, a serious

gaming platform, namely Unity 3D, has been adopted. The physical space  of the digital twin, assumed as

case of study, can be directly imported within Unity 3D as an IFC project with its structure. To this end, the

IFC Loader, based on the IFC Engine DLL library, has been developed in order to import topological

information, materials properties and all semantic information from the digital model. This tool models the

environment using one of the most powerful technique in solid modelling: boundary representation (B -

REP). BREP represents a solid as a collection of connected s urface elements, that is the boundary between

solid and non -solid. The digital twin, in order to mimics reality, requires the implementation of human and

artificial sensors, known as agents. The sense of sight, for example, must be implemented in digital t wins

to give humansA avatars the awareness about what i s hap
modelling the field of view (FOV) as a collider; a user can see an entity simply if her/his FOV collider

intercepts the entity itself. The mechani cal physics is a native functionality of game engines; hence, in the

game scene every object is affected by gravity just like in reality. To conclude, Unity 3D hosts the digital twin

and can work as a hub able to trigger co -simulations related to some spec ific discipline and receive back
results. U4Un this way, multiple simulators (e.g. fire sc
of the models exchange standard FMI.

2.2 Bayesian networks

Bayesian networks (BNs) are a computational tool for  the development of qualitative probabilistic models.
They are oriented graphs whose nodes represent random variables that are linked by arcs which
correspond to casual relationships among previous nodes. BNs make use of probability theory and graph
theory to make decisions in conditions of uncertainty. The potential of the BN instrument lies in its dual
structure. The first one is a set of nodes representing system variables. Each variable may be given two or
more possible states which can be of numerical ( i.e. discrete), interval (i.e. subdivision into ranges), label or
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Boolean type. The second one is a set of links representing the casual relationships between nodes. An arc

from any set of n variables, called a;, to another variable b denotes that the set a; causes b and a; are said

to be the parents of b (b is their child). The graphical part illustrates and communicates the interactions
among the set of variables through a Directed Acyclic Graph (DAG). Furthermore, Bayesian networks
represent the quantitative strength of the connections between variables, a llowing probabilistic beliefs to

be updated automatically as new information becomes
theorem [7]. The strength of these relationships is quantified by conditional probability tables (CPTs), where

the probability of observing any state of the child variable is given with respect to all the combinations of

av

its parentsA states. These pPdadi | &) whers ang vagablayu gusa | | y

conditionally independent of any variable of the domain that is not its parent. Thus, it is possible to obtain
a conditional probability distribution over every domain, where the state of each variable can be
determined by the knowledge of the state of its parents only, and the joint probability of a set of variables
Ecan be computed by apgd:ying the J3chain rul ej

00 OOROMRO VO G QDO
The joint probability of a set E, of variables is equal to the conditional probability of the variable, given only
its parents. Other relevant benefits are: the DAG provides a clear understanding of the qualitati ve
relationships among variables; every node can be conditioned upon the acquisition of new information;
belief updating of nodes is supported from consequences to causes, also known as diagnostic reasoning.

Finally, CPTs can describe the relationships amo ng variables of different types (e.g., Boolean nodes, interval
node, etc.), even within the same network.

In H&S management BNs can be applied to compute the probability of a hazardous scenario to occur, on
the base of real -time sensors data. For the purpo se of this paper, a Unity 3D tool, namely Discrete Bayesian
Network, has been applied for the implementation of BNs inside the serious gaming platform. This tool

provides a C# |ibrary that facilitates the ihgeBayesiant i on

inference.

2.3 Digital Construction Capability Centre

The Digital Construction Capability Centre (DC3) is a hologram room of about 240 m 2 sjtuated at the
Polytechnic University of Marche in Ancona, Italy; the facility is dedicated to digital twin applications such
as construction scenario simulation, innovative teaching approaches and operations scenario simulation.

To make it possible, a twin model of the DC3 has been developed as a mock  -up which, continuously updated
by real-time data from sensor s, constitutes a virtual replica of reality.

The DC3 mock-up is based on the system architecture shown in  Fig. 1 and composed by the following
technologies: a set of UWB position sensors, Node -RED programming tool, Arango DB database and Unity
3D game engine. In the DC3 environment, workers simulating fi  eld activity can be located by means of an
UWB localization system. This technology leverages Time of Flight (ToF), which is a method for measuring
the distance between two radio transceivers by multiplying the Time of Flight of the signal by the speed of

light; thus, knowing the position of fixed UWB anchors and operating a trilateration, the position of moving

UWB transceivers (tags) can be determined. For the purpose of this paper, five anchors have been installed

in known positions, whereas two UWB tags have been applied to the safety jacket in order to track position
and heading of the worker -on-foot who wears it. In order to wire together hardware devices (IoT) with the
database and then with the Unity 3D game engine, the flow -based graphical programmi ng tool Node -RED
has been adopted. It provides an open -source browser -based graphical editor that allows to build complex
flows using a wide range of nodes provided in the palette and by the community. In this research, a
dedicated Node -RED flow wires toge ther the position data coming from the UWB localization system with

a database for their storage. This flow interfaces with the UWB localisation system (MDEK1000 by
DecaWave) by using the MQTT protocol. When building a digital twin, different types of data have to be
stored and linked together in an emerging way. Therefore, ArangoDB has been selected here as native
multi -model NoSQL open -source database also for storing the complete data history from sensors. In order

to allow Node -RED to access ArangoDB, a specific Node -RED node has been developed for writing JSON
documents into a collection of an ArangoDB database by using the ArangoJS language. The hearth of the
developed architecture is the serious game engine Unity3D, which hosts the digital twin and en ables Al-
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based simulation to predict dangerous scenarios. On the base of sensors data stored in ArangoDB, the
continuous update of the Unity3D scene has been made possible by SignalR software library, which sends
asynchronous notifications to client -side web applications. As a consequence, position and rotation
coordinates of the monitored worker -on-foot are delivered to a virtual avatar in order to mimic her/his
behavior. In this research study, the Al component, implemented inside the serious gaming platf orm, is
represented by a Bayesian network designed to predict collision hazards between workers -on-foot and
moving equipment, such as a drilling machine. Finally, a dedicated web application, installed on the

e g ui p me nhoakdscongputer, can make results from Al -based assessment available to the driver. The
aim of this field application is to make the driver aware about oncoming risks, affecting vulnerable users in

the job site, in order to prevent fatal events.

Tags coordinates Sensors Graph DB Serious game application
on map infrastructure for risk assessment |

OUTPUTS

FIELD APPLICATION

On-board screen

TECHNOLOGIES
. i
B\
‘\
%

UWB anchors/tags Node-RED Arango DB Unity 3D

Fig. 1. System architecture
3. Experiments

3.1 Development of the mock-up and design of the experiment

For the purpose of this research study, the execution of bored piles has been assumed as test case scenario,
since it represents one of the most hazardous construction procedure s. In fact, a worker -on-foot is called
to work close to heavy components, such as the drilling machine, during each phase. To make a few
examples, the workers -on-foot leads the positioning of the bucket at the exact drilling point, assists the
insertion of the reinforcement cage, opens the bucket to unload the extracted soil and supervise the
concrete filling. During the described operations, a momentary lapse could lead to injuries and fatal events.

For this reason, Al applications could greatly benefit re  al-time H&S management.

In this paper, the digital twin of the DC3 has been applied to develop a serious game application which

support real -time H&S management. To this aim, a DC3 mock -up which replicates drilling operations has

been implemented using Uni ty 3D. As introduced in section 2.1, the real environment has been recreated

loading the IFC model of the DC3. The implementation of the UWB localization system, desc  ribed in section

2.3, makes it possible to track the position of the workers and equipment. A worker -on-foot, wearing a
sensorized jacket, can be monitored and replicated by an avatar who lives the virtual scene. The mock -up

is completed by the virtual model of a drilling machine, which is controlled by a joystick in order to simulate

a real working scenario. Th e BN shown in Fig. 2 assesses the probability that the drilling machine runs over

the worker -on-foot given, as evidences, the linear distance driller -worker, the angleb et ween t he dri
forward direction and the line driller -wor ker , the drillerAs |l inear and angu
visibility. Being the BN implemented in Unity 3D by means of the Discrete Bayesian Network tool, as

mentioned in section 2.2, the twin model receivesreal -t i me data from sensors and f
The pseudocode shown in Fig. 3 describes the implementation of a portion (see the red dashed line in Fig.

2) of the Bayesian network, developed for collision risk ass essment, inside the serious gaming platform; the

resulting linear collision probability is the probability that the drilling machine runs out the worker -on-foot.

The rotational collision probability is instead the probability that the rotating body of dril ling machine hits

the worker -on-foot. Finally, the overall collision probability summarizes the two previous variables

providing an overview of the hazards affecting the worker  -on-foot.
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Fig. 2. The Bayesian network developed for the collision risk assessment
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Fig. 3. Pseudocode describing the implementation of a portion (see the red dashed line in Fig. 2) of Bayesian network in Unity3D
game engine

3.2 Experiments and results discussion

In this paper, drilling operations for the execution of bored piles have been simulated by two researchers.

The first one wears the sensorized safety jacket and moves around the construction site in order to mimic
the support activities accomplished by a worker -on-foot during drilling operations. The other researcher
controls the virtual drilling machine by the joystick. This scenario is mirrored by the DC3 mo ck-up in Unity
3D on the base of real -time data provided by sensors. According to this data, the BN implemented in the
serious game engine computes and updates linear, rotational and overall collision probabilities in real -time.
In Fig. 4.a, the ground worker can see the drilling machine (see FOV colliders represented by green lines in
Fig. 4.a), while the driver has a reduced visibility; nevertheless, the BN does not point out risks due to the
distance between the worker -on-foot and the drilling machine. In  Fig. 4.b, the visibility conditions keep
unvaried whereas the linear collision probability rises from 0% to 24.51%, since the linear distance has
decreased. In Fig. 4.c the worker -on-foot turns her/his back to the drilling machine; since the worker and
the driver cannot see each other (see FOV colliders represented by green linesin  Fig.4.c), the linear collision
probability increases up to 51.09%.
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Fig. 4. The BN updates of the linear collision probability according to the changing environment conditions

4. Conclusions

The complex nature of construction sites makes it difficult to predict hazardous scenarios affecting workers.
In similar circumstances, a digit al twin of the job site, automatically updated by real  -time data from sensors,
can pro -actively support activities and forecast dangerous scenarios by means of Al technologies.

In this paper, the twin model of the Digital Construction Capability Centre (DC  3) at the Polytechnic University

of Marche (UNIVPM) has been developed as a mock -up using a gaming engine. The result is a serious game

application which implements a Bayesian network to compute collision probability during drilling

operations, basedonse ver al relevant variables. This technology c:
driver about oncoming risks in real -time; hence, it aims to improve her/his awareness in order to avoid

injuries and fatal events.
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Abstract

Among major industries, due to the labor -intensive nature of most of the construction tasks, the

construction industry has some of the highest numbers of heat  -related iliness claims. The leading cause of

these illnesses is the repeated exposure of workers to heat stress, which adversely affects productivit Y,
safety, and health. A biophysical interpretation of the
continuously measure the likelihood of heat stress exposure of workers. Such a method surpasses current

metrics such as Wet Bulb Globe Temperat ure and Heat Index. The others do not account for variations of

individual physiology and biometrics (e.g., age, gender, and metabolism) in response to heat stress. Also,
environmentally based methods cannot be used to continuously monitor heat stress in t he workplace. This

study aims to examine the effect of heat stress exposure on the flux of three different physiological signals:
photoplethysmography (PPG), electrodermal activity (EDA), and skin temperature (S.T). To facilitate capture

of wor k e rakréspopshsytasacute heat, these are acquired from a wristband biosensor. To that end,

physiological data were gathered from 10 workers performing construction tasks under three climatic

conditions, each with a different likelihood of exposure to heat str ess z conditions of caution, extreme
caution, and danger, as defined by the National Oceanic
Weather Service. Heart rate, heart rate variability, electrodermal activity, electrodermal response, and

meanskint emper ature were extracted to examine the potenti
heat stress. The results indicated statistically significant differences in the metrics of heat stress exposure.

The findings demonstrated the feasibility of PPG, EDA, and S.T. in capturing physiological changes during

heat stress exposure and dehydration.

© 2020 The Authors. Published by Budapest University of Techn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: dehydration assessment, wearable biosensors, physiological monitoring

1. Introduction

The construction industry is beleaguered by extensiv e health and safety issues. At labor -intensive
construction sites, workers perform physically arduous tasks under hazardous working conditions all day
[1z3]. Frequently done in scorching and unmonitored  environments without enough of a break to recover
physiologically from overexertion, tasks are often performed with limited or lack of shade or water [4], and
workers can suffer dehydration, as well as heat stress.
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In fact, enough exposure to heat can cause acute illnesses, such as dehydration, and chronic diseases, such

as brain damage, both of which can adver sel [pz8pBefweent wor
2000 and 2010, construction was responsible for 36.8% of heat -related deaths, highest in the United States

[9], a risk of heat -related fatalities 13 times greater than other industries [10]. Therefore, monitoring

wor ker As heat stress exposure should be diligently i mj
construction sites.

To prevent heat -related illnesses, systematic heat stress measurement is of the utmost importance. There

have been several efforts to gauge such. Some use answers to questionnaires [11,12]. However, survey -

based method s interfere with ongoing tasks and are prone to biases. Other heat stress measurements rely

on environmentally based metrics, such as Wet Bulb Globe Temperature (WBGT) and Heat Index (H.l.)

[11,13]. Despite their use in measuring the state of heat stress in the field, these metrics cannot assess the

full variation in a workerAs physi c d14,15. Atercfare, thereisat i ¢ s
need for objective and non -intrusive ways to evaluate heat stress in the field.

Bi ophysical responses to a workplace stimulus can offe
mental state, and other work -related responses [167z19]. Recent advances in wearable technologies offer

an unprecedented opportunity to do non  -intrusive, objective, and continuous real -time monitoring of

wor kersA physical a[t7t18,20,21].yrheserashects of phystobgy ean be monitored easily

using photoplethysmography (PPG), electrodermal activity (EDA), and skin temperature (S.T.). The

responses can be promptly processed and effectively analyzed to infer health conditions [16,22,23].
Specifically, this analysis can pave the way for continuous heat stress assessment in the field. In this vein,

this study attem pts to investigate various features of PPG, EDA, and S.T. sighals as mechanisms of heat

stress exposure.

2. Current methods of heat stress assessment and their limitations

Construction practitioners and researchers have mainly relied on subjective techniq ues (survey-based
methods) to assess heat stress at work sites. The Heat Strain Score Index (HSSI) is a widely used subjective
technique for heat stress assessment. In this method, heat strain experienced by an individual is evaluated

by a questionnaire th at contains 17 items related to the assessment of heat stress, such as questions about

the experience of thermal and humidity conditions, the intensity of sweating, and intensity of fatigue [11].
While this method has broadened our understanding of the heat -stress of construction workers, it is prone
to biases of self -report inherent in subjective scales. Also, doing the survey wil | interrupt the workflow
because workers are required to participate during work hours. In addition to subjective assessment, heat
stress has also been understood in terms of meteorological (climatic) parameters. Metrics such as H.I. and
WBGT can monitor heat stress at construction sites. By assessing two common meteorological values,
temperature, and relative humidity, H.l. reveals the climatic condition as experienced by the human body

[13]. This index ignores other meteorological parameters (i.e., wind speed, air pressure, and sunlight) to
evaluate the climatic conditions affecting heat stress accurately. WBGT is an efficient assessment of the
thermal environment (ambien ttemperature, relative humidity, wind, and solar radiation) [13]. Itis the most
widely used index in assessing heat stress and has been adopted by the U.S. occupational  safety and health
authorities and other national and international agencies as the basis of heat -stress standards [24].
Although WBGT is a convenient method, the chances of heat stress exposure being different from
environmental conditionsandth e rel i ability of the workerAs judgment ¢
viability. More importantly, along with other environmentally -based techniques, WBGT suffers from
generalization, representing only one spoadesitesuchexposuree at st
are different due to variations in physiological status such as age, gender, chronic or pre -existing diseases,
fitness, hydration, and use of alcohol and medication. Different types of physical activity, body size
acclimation, and clothing vary across workers [247z28], pointing to the importance of physiologically based
techniques as a solution to heat -stress assessment.
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3. Knowledge gaps and research o bjectives

As mentioned above, current techniques mainly rely on subjective evaluation, and environmental

assessment for measuring heat stress exposure, a morein -dept h evaluation of wor ke
conditions in the field is neces sary for efficient and pragmatic monitoring. With current advances in non -

intrusive wearable biosensors, several physiological responses to heat  -related stimuli can be captured by

a physiological sensor. These biosignals contain valuable information regard  ing physiological functioning

and changes, and they can be extracted with advanced signal processing and machine learning techniques.

However, the extent to which the biosignals can reveal the correct fluxes in human physiology depends on

the type of stimu lus.

Previous studi es suggested PPG, EDA, and S. T. coul
thermoregulation and be used as physiological signals  [29z31]. PPG is a noninvasive way to measure blood
volume changes in microscale vessels just under the skin  [23]. When individuals are in a highly stressful

environment, the brain innervates the heart via the sympathetic nervous system . Changes in the heartbeat

(H.B.) mechanism will result in variations in blood volume; these can be measured by PPG [32]. Metrics

obtained from PPG si gnal s (e. g., H.B. variation) have the -poten
related injuries (heat stroke and exhaustion) [33,34]. As a result, PPG can provide an opportunity for
understanding workersA bodily responses to ther mal stre

The sympathetic nervous system controls the sweat gland s. EDA measures the changes in the electrical
properties of the skin in response to autonomic sweat gland activity [35]. If the sympathetic branch of the
autonomic nervous system is activated by external stressors, the number of active sweat glands increases,
reflecting a higher EDA measurement [36], several features can be extracted from it, such as mean value,
median value, variance, electrodermal level [EDL], and electrodermal response [EDR]) to measure these
changes. To this end, EDA can be introduced as a reliable signal of the sympathetic nervo  us system when
thermally stressful environments produce dehydration. When the body is subjected to intense, acute
thermal conditions, the thermoregulation system adjusts skin temperatures through vasodilation and -
constriction to maintain thermal homeostas is [37z39]. The dynamic between these two mechanisms
controls skin blood flow, resulting in skin temperature adjustments. S.T. has the potential to be a
guantitative and objective indicator of likely illness and injuries [33,39,40]. Features like mean skin
temperature (MST), mean frequency, and median frequency can be extracted from S.T. to assess the heat
shock experienced by workers during ongoing work.

As mentioned above, the stimulat ion of the sympathetic autonomic nervous system results in significant

changes in EDA, S.T., and PPG[16]. Nevertheless, the feasibility of using these measures to understand

wor kersA heat stress under var idgudied Theefork| thisi papersaimbts not
investigate more precisely the potential of these biosignals in unfolding the responses of construction

workers to levels of heat stress exposure.

To this end, the authors recruited ten healthy subjects to perform t wo physical activities under three

climatic conditions, namely low, medium, and high exposure to heat stress. During the experimental
procedures, the subjectsA physiological signals were ¢
metrics were extra cted from the signals, such as heart rate (H.R.), heart rate variability (HRV), EDL, EDR, and

mean skin temperature (MST), to name a few.

By statistically analyzing these features, a more in -depth understanding of the potential responses of a
wo r k er Ax® hdatestless can be achieved. Furthermore, such comparisons can reveal the underlying
effect of heat stress on various aspects of PPG, EDA, and S.T. biosignals. Also, future studies can exploit the
findings of this one to more suitably select relevant  biosignals to develop predictive models.

4. Experimental design
4.1, Subjects

Experimental procedures were established to collect physiological signals from 10 able -bodied adults
recruited among students at Pennsylvania State University (PSU). The data collection protocol was approved
by the Institutional Review Board (IRB) at PSU. All subjects were provided with informed consent forms
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explaining the confidentiality of the data and partici
received, all subjects were asked to provide demographic information (i.e., age, gender, heigh t, and weight).

To exclude unhealthy subjects, participants were also asked for any history of health problems. None of

the subjects reported any. Among ten subjects, seven were male; the remaining three were female. No

subjects had any clinical conditions

Fig. 1. Experimental setup: (a) roofing task; (b) materials handling task; (c) chamber room; (d) control station for simulating
temperature and humidity at conditions labeled caution, extreme caution, and danger; (e) wearable biosensors measuring PPG,
EDA, and S.T. signals.

4.2. Chamber room

The study was performed in an environmental chamber room with three different climatic conditions to
simulate exposure to heat stress at the three levels of caution, extreme caution, and danger. The climatic
conditi ons were simulated by controlling the temperature and humidity level. Such categorization was
performed using the Humidex scale. This index calculates the temperature and humidity required to induce
various levels of heat stress exposure. In this vein, for  a condition of caution regarding heat stress, the
temperature and humidity were setto 84.2 F  © and 40%. Correspondingly, for extreme caution, temperature
and humidity were set to 87.8 F © and 45%. Likewise, to simulate the condition of danger, the temperat  ure
and humidity were set to 89.6 F © and 55%, respectively.

4.3. Data collection procedure

All the subjects were asked to wear a non -intrusive wristband sensor (i.e., Empatica E4 wristband). They

were instructed to perform roofing and materials handling ta sks in the environmental chamber room. The

roofing task involved nine minutes of hammering nails into a roofing surface angled 30 © from horizontal,

as well as attaching and adjusting shingles. The materials handling task required subjects for six minutes

to move concrete blocks from a wheelbarrow, place it on the roofing surface, and put it back in the
wheelbarrow. Each subject was asked to perform the tasks in the chamber room for 15 minutes. Between

the tests, they rested for 10 minutes. During each task, S.T., EDA, and PPG biosignals were captured at a
sampling rate of 4 Hz, 64 Hz, and 4 Hz, respectively. The sensor promptly transmitted the data to a portable
device. By using the sensorAs application pr ogadahemi ng
biosignals onto an online server in near real -time.
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5. Data analysis
5.1. Noiseremoval

Interpretation of the signals can be affected by several kinds of noises. These come from changes in the
body (i.e., excessive movement, etc.) and extrinsic changes (i.e., electrodes popping, environmental noises,
ambient light, thermal noises, etc.) [41z44]. Robust noise removal decontaminated the biosignals of the
major artifacts. Such an approach smooths the way for precise inferences of metrics based on the
physiological signals. To better eliminate the adverse effects of signal noises, this study selected noise
removal techniques based on the sources and modality o f capture.

The PPG sensor determines the changes in blood flow by calculating the differences between the
wavelengths of the original | ights an {5]tBmnéonmentlfacterd | ect e
such as ambient light, thermal noise, and electromagnetic sources are more likely to induce high -frequency
artifacts [45]. To remove them, a frequency -based filtering technique (i.e., bandpass filter) within the range

of 0.5-4 Hz was applied. An EDA sensor records the signals by passing a minuscule amount of current
between the electrodes in contact with the skin  [41]. Hence, the measurement is vulnerable to different
types of noises, namely electrode artifa cts, excessive movement, and adjustment of sensors due to
disruptions in the skin -electrode interface [41z44]. A high pass filter with a cut of f frequency of 0.05 Hz was
applied to the EDA signals. Furthermore, a rolling filter was used to remove large magnitude noises caused

by excessive movement and electrode pressure. Different filtering methods (e.g., a Hampel filter and a finite
impulse resp onse filter) were applied to remove artifacts from S.T. signals. To remove outliers, a Hampel
filter was used. A finite impulse response filter was applied to smooth the S.T. signals and to avoid aliasing

in the data.
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Fig. 2. PPG, EDA, and S.T. signals mise removal: (A) Raw signals; (B) Filtered signals

5.2. Physiological metrics

Several metrics were calculated after removing signal noise. From the PPG signals, three metrics were
extracted, heart rate (H.R.), mean frequency, and median frequency. H.R. w as determined from the
processed PPG signal by counting the number of peaks in the alternating current of the signals. Also, the
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median value and mean frequency were extracted in the frequency domain to examine the changes in the
subjectsA cardiac activity

Similarly, several metrics were extracted from EDA signals. These results included mean value, median
value, and variance. EDL and EDR were extracted from the EDA signals to more achieve more precise
results. EDL has been regarded as a suitable measure o f sympathetic activity induced by long term stress
[46,47]. On the other hand, EDR reflects short term responses to external stimuli [48,49]. In this regard, a
deconvolution approach was applied for decomposing EDA signals into continuous signals of tonic and
phasic activity to measure EDL and EDR, respectively. The metrics from S.T. in time and frequency domain
included mean skin temperature (MST), mean frequency, and median frequency. These values were
calculated after applying a finite impulse response filter to monitor skin temperature changes working
under different exposures to hea t stress.

5.3. Statistical analysis

To analyze the statistical differences among levels of heat stress exposure, the Wilcoxon signed -rank test
was performed on the metrics. Specifically, this non -parametric comparison was used to determine the
statistical differences across climatic conditio ns because the data did not satisfy the normal distribution
assumption (Shapiro -Wilk test [50]). This lack was probably due to the low sample size [51]. In this study,
the statistical comparison tests were performed with a 0.05 level of significance.

6. Results

Fig. 3 represents the distribution of the calculated metrics pertinent to the PPG, H.R., median frequency,
and mean frequency, for all the subjects across all heat stress exposure. There were no statistically
significant differences among the metrics computed for low, medium, and high climatic conditions.
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Fig. 3. Metrics values derived from PPG.

On the other hand, there were significant differences (P  -value < 0.05) between the mean value, median
value, and variance of EDA in the time domain. As seen in Fig. 4, as the heat stress level increases, these
metrics exhibit a significant increase. More specifically, the Wilcoxon signed test indicated that the mean
value for the EDA signals is significantly higher under medium heat stress than low heat stress (z= -5.05,
p<0.05). Likewise, the test revealed a significant difference in the mean value of EDA signals between
medium and high levels of heat stress (z= -6.56, p<0.05). The test also corroborated a significant difference

in the median value (z= -5.05, p<0.05) and variance value (z= -6.69, p<0.05) of the EDA signals across low
and medium heat stress conditions. Similarly, the test showed that these metrics were si gnificantly higher
in high heat stress conditions than under medium heat stress (z= -6.53, p<0.05 for the median value and z=
-4.39, p<0.05 for the variance value). As for the EDR and EDL values, a similar trend can be observed among
levels of exposure to heat stress (Fig. 4). The Wilcoxon signed test substantiated that the EDR values at
medium heat stress are statistically higher than the values at low heat stress (z= -5.0649, p<0.05). The
results of the non -parametric test demonstrated that EDR changes fr om medium to high heat stress (z = -
4.136, p<0.05). Similarly, EDL values exhibit a significant increase as the condition changed from low to
medium heat stress (z= -4.91, p<0.05), and from the medium to high heat stress (z= -6.5277, p<0.05).

Automation and Robotics for Construction 25


http://e-2020.creative-construction-conference.com/proceedings/

Proceedings of the Creative Constructic@enference (220) 004
Available online a¢-2020.creativeconstructionconference.com/proceedings/

Mean Value Median Value Variance
50 1 50 15 P
8 _8
. 40 o 40 - L g
3 ' = ] o 10 4
g 0 T | £ 30 A — ! g
2 ! ! c | | s
L 1 HI ‘ > 05 —
o] = - ==
0 T T T 0 T T T 00 - T T T
Caution  Extreme Caution  Danger Caution  Exireme Caution  Danger Caution  Extreme Caution  Danger
Hectrodermal Level Electrodermal Response

50 15 4
40

71 T

AL LIy |

Caufion Extreme Caution Danger Caution Extreme Caution Danger

EDL

Fig. 4. Metrics values derived from EDA.

Meanwhile, differences in MST extracted from S.T. signals were captured while subjects were working under
different levels of heat exposure. As seen in Fig. 5, the MST value is higher in the conditions with high heat
stress. The Wilcoxon signed -rank test indicated that the MST value is significantly higher under medium
heat stress conditions than in low heat (z= -12.9, p<0.05) Also, the test stated that MST values significantly
increased from medium to high heat stress condit ions (z= -21.3, p<0.05). On the other hand, metrics
extracted from S.T. in the frequency domain (mean frequency and median frequency) failed to show any
clear difference across levels of heat stress.
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Fig. 5. Metrics values extracted from S.T. (MST, mea n frequency, and median frequency)

7. Conclusion

This study was designed to investigate the capability of using physiological signals collected from a
wristband sensor to capture the responses of the body due to exposure to heat stress. Metrics from PPG,
EDA, and S.T. signals were collected from 10 healthy subjects performing two construction tasks under
different environmental conditions. The results showed there is a significant difference in the metrics of

EDA and S.T. among different levels of heat str ess exposure. While the subjects performed the two tasks,
roofing and materials handling, in thermally high stress conditions, the values of metrics from the EDA
signals in the time domain (mean value, median value, and variance value) generally increased . The results
indicated that EDL and EDR values increased with elevation in heat stress. Also, the findings revealed that
MST extracted from S.T. signals exhibited significant differences under different climatic conditions. This
pattern of the increase ca n be an appropriate criterion for the selection of relevant biosignals and the
development of interpretive models for heat stress prediction and assessment. Such an attempt also
augments our understanding of wor ker s A vrdnyental gonditigns.c al me
As a critical step toward safer workplaces, this deeper understanding of human physiology can lend itself

well to the design and development of wearable sensor -based health monitoring systems for a near real -
time and objective asses sment of worker heat stress in the field, which provides good opportunities to
improve construction safety management. In addition, this study provides a promising avenue for
personalized heat stress monitoring from wearable sensors by exploring the impact of heat stress exposure
on key physiological responses. Future investigations can be more accurately performed through additional
experiments with more significant numbers of subjects, physical activities, and naturalistic working
environments.
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Abstract

The US-construction industry sector in 2018 had about 4.5 % of U.S. workers, but 19.1 % of the fatalities -
the largest number [1] of fatalities reported for any industry sector  [2, 3]. In this context, transportation
incidents with heavy vehicles and aging workers over 55 years have the highest fatal event accounting in
respect to selected event s and demographic characteristics [3]. Therefore, research is underway to
measure the health condition of the driver in the construction machine cockpits unobtrusive and non -
interfering with their activities. Generally, in rese  arch this attempt can be divided into those based on image
analysis of camera images, those equipped with wearable sensors, and the method of incorporating

sensors in the workers environment, e.g. chairs, controllers, steering wheel, etc. There are various ways to
incorporate sensors into the chair  [4]. E.g. one of the authors is also trying to extract the driver's heartbeat
and respiration information with capacitive electrodes and a pressure sensor built into the seat [5]. This

paper focuses on a biometric driver seat concept based on Vinci and Leonhardt [6] using a 24 GHz CW

Radar sensor module to monitor the driver As heationh st a
about the respiration, heartbeat and motion signals of the driver by evaluating the phase -shift of the

reflection wave. To separate the respiration -signal from the heartbeat -signal a digital low -pass filter with a

cutoff frequency at 0.5 Hzisused. The driverAs respiration rate (RR) i s
detection in the frequency -domain of the radar signal. The heart rate (HR) is obtained in the time  -domain

by a heartbeat count estimation. The elimination of random body movement artefacts was not examined

in this work. The authorsA objective by this work is to
biometric driver seat concept, by early identification of potential health hazards of the driver. For this

objective, it is nece ssary that the detection of human vital signs inside of the cockpit of construction

machines will become a part modern driver assist and safety systems in future.

© 2020 The Authors. Published by Budapest Uni vengressittdd of Techn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: biometric driver seat, unobtrusive driver health state monitoring, non -contacting vital sign sensing, CW -
Radar Sensor

1. Introd uction: A biometric driver seat c oncept

Working on construction side safely, means according to Haslam et al. [7] to work efficiently. Therefore, it
is important that construction works are well rested and healthy. However, Haslam et al [7] confirms that
for operatives are only rarely any effective pre -employment health surveillances or  screenings.

Also [8] found that there is only little possibilities given for health monitoring on construction side and that

there is the Iink between 3occupational heal t hjefoend 3 he
in this paper, the authors present the concept of a biometric driver seat for contact free measurement of

the vital sign parameters of construction machinery drivers. This approach can enable a health data
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screening in order to increase safety on co nstruction side. For this purpose, a capacitive electrocardiograph
for ECG, HR, HRV detection and a 24 GHz CW-Radar for the detection of the RR and PTT (pulse transit time)
are used. The sensors are arranged as shown in Figure 1. The cECG electrodes (green) consist of a
conductive silver -coated fabric and are sewn onto the backrest of the driver seat.

The electrodes are placed according to the Einthoven 1 arrangement in order to obtain the largest possible

amplitude signal of the QRS complex. The seat under the driver's buttocks acts as a ground plane. A

conceptual implementation of the ECG unit is presented in Pehr et al. [9] . The 24 GHz CWradar (yellow) is
installed at the chest |l evel of the backrest to monitor
Radio signals in the 24 GHz range can penetrate foams and clothing with low attenuation and get
reflected/absorbed by the human body. A second 24 GHz CW -radar sensor is attached at the end of the

biometric driver seat for pulse wave detection at the artery in the thigh. In combination with the cECG

sensor, the PTT can be determined, which allows an ind irect conclusion about the driver's blood pressure.

Figure 1: cECG electrodes (green) and Ground plane (green) place at the backrest and biometric driver seat bottom to measure ECG,
HR and HRV through the drivers clothing according to Einthoven 1. Cardio Radar Sensor (yellow) is placed at the biometric dri ver
seat backrest to measure RR and HR. Pulse Radar Sensor (yellow) is place at the end of the biometric driver seat to measure the PTT
and BP in combination with the capacitive ECG.

2. Material and m ethods

The implementation of RR and HR detection of the proposed b iometric driver seat is carried outby a24 GHz
CWe-radar sensor. Therefore, we used the IPS -154 sensor from the company InnoSenT as shown in  Figure 2.
It provides an EIRP output power level of 16dBm/40mW (average) and 20 dBm/100mW (maximum).

Figure 2: IPS154 CW-radar sensor from the company InnoSent.
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The concept of the CW -radar sensor is shown in Figure 3. The transmitted wave of the 16 -element patch
antenna array is reflected from the back of the dr iver, which movements induced by the heartbeat,
breathing and random movement ar tietheancidest waye The phase ghifa phas

is a result of the doppler effect which comes into account by the thorax lift, due to the respiration of about

lcm and the heartbeat motion at the skin surface in pum
the information about the driverAs vitals consisting of
the small cardiac body movement, the HR signal comes with a lower SNR -ratio than the RR signal. The
incident wave from the surface of t heledentipatchantersnaarlyi n i s

and gets mixed in the IQ -modulator of the sensor. The analogue | -Q output signal of the radar sensor gets
digitized in a 24 Bit ADC of the type ADS12bebveamthel500 SF
and Q-channel of the radar sensor, following formula is used:

.. . OO

Yo 0 OAT ~— @

0

The phase difference gives an indirect measure of the body movement of the driver. Therefore, the HR and
RR can be extracted by DC removal, digital filtering, Fast Fourier transform and peak detection in the time -
and frequency domain as shown in  Figure 3. To separate the respiration -signal from the heartbeat -signal a
digital low -pass filter with a cut -offs frequency at 0.5 Hz is used.

I-Channel HPFilter ] Pe?k Cc_:unt —» Heart Rate
Body ] (0.5 Hz) estimation
Movement CWRadar 24 Bit ADC L Arctanger_lt |_» DC Removal
(RR, HR) Sensor (500 SPS) Demodulation
LRFilter FFT / Peak Respiration
Channel > . >
o (0.5 Hz) Detection Rate

Figure 3: CW-Radar sensor workflow.

3. Results: Radar sensor signal a nalysis

The radar signal shown in Figure 4 was measured through a cotton T -shirt at the sternum level of the test

person at a distance of 5 cm. The large amplitude peaks in the time domain characterize the respiration

and the small peaks are associated with the heartbeat of the person. In the frequency domain of the signal

two clear peaks at 0.19 Hz and 0.77Hz show up. The dr ie(BR)Asdetarn@necpiymat i on
maximum peak detection in the frequency -domain of the radar signal. In the power spectrum the peak is

located at 0.19 Hz which is equal to a respiration rate of 11.4 breaths per minute. This result is
corresponding to the peak cou ntin the time domain with 11 breaths per minute. The second maxima peak

in the power spectrum is located at 0.77 Hz/46.2 beats per minute and does not correspond to the correct

HR of 54 beats per minute measured with a pulse sensor. Therefore, the HR sign  al is partly superimposed

by the RR signal in the frequency domain.
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Figure 4: Microwave reflectometer data analysis. Up: Time domain. Down: Frequency domain.
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As a solution, a more accurate heart rate (HR) is obtained in the time -domain by a heartbeat count
estimation. In this method all local maxima peaks of the high  -pass filtered microwave reflectometer data
set were considered and giving a more accurate HR of 48 peaks per minute. Compared to the correct HR of
54 beats per minute this method gives better results than maximum peak analysis in the frequency domain.

Time (s)

-30
a3 / —
/ /
L/
-36

-39

Power Spectrum (dB)

01 02 03 04 05 06 07 [k:} 09 10 11 12 13 14 15 16 17 18 19 20

Frequency (Hz)
Figure 5: Microwave reflectometer data analysis. Up: Time domain of filtered signals. Down: Frequency domain of filtered signals.

4, Discussion

This paper introduced the innovative concept of a biometric driver seat using a capacitive ECG and rad ar
sensors in construction machine cockpits to increase safety on building sites. The results of the 24 CW -
radar sensor data set analysis proves that it is possible to measure the RR of the driver in an accurate and

HR of the driver in a sufficiently preci se way through a T -shirt and without direct skin contact. We are looking
forward, that the concept of this biometric driver seat and the first realisation step by testing its feasibility

in our 24 GHz CW-radar sensor study will become a part of modern driv  er assist and safety systems in
future.
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Abstract

Safety is a main concern for the construction industry because of the high rate of accidents and casualties

on construction sites. Personal Protective Equipment (PPE) is a major part of safety regulations to prevent
accidents. However, workers may neglect to wear the required PPE while wo  rking, which subsequently
increases the potential risk for accidents. Currently, safety managers and inspectors on construction sites

are responsible for monitoring safety regulations, which is a time  -consuming task. To facilitate safety
monitoring, a larg e number of research studies applied computer vision for detecting PPE on construction
sites. Nevertheless, detecting workers and PPE is still a challenge in far  -field videos. This research proposes
an approach for detecting if anyone on the construction s ite is wearing the required PPE, even when he or
she is far from the surveillance cameras. This method uses a frame segmentation technique and a nested
network with two Faster R -CNN models to detect safety noncompliances. The first model detects the human
bodies on the construction site, and the second one detects if the detected person is wearing a hardhat

and a safety vest. The proposed method is applied to videos from a construction site. The experimental
results demonstrate the practicality and robustne  ss of the proposed method to detect PPE in far -field
videos. Based on three different test videos, the average precision and recall for the worker detection model

were 99.67% and 92.92%, respectively. The PPE detection model had the average precision and r ecall of
91.25% and 94.77%, respectively.

© 2020 The Authors. Published by Budapest University of Techn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: computer -vision, construction safety, far -field surveillance videos, faster R-CNN

1. Introduction

Safety regulations are not always followed on construction sites, which is the main reason for accidents.
According to [1], more than 450 workers were killed, and over 63,000 workers were injured on construction
sites in Canada in 2017. These accidents cos t nearly $19.8B each year. Based on the statistics from the
Association of Workers' Compensation Boards of Canada (AWCBC) [2] in 2017, 951 workspace fatalities
were recorded in Canada with an increase of 46 from the previous year [3]. One of the most cruci al ways
of preventing accidents is to use personal protective equipment (PPE). In addition to fatal injuries and
casualties, there are other consequences of accidents [4]: time loss of project execution, damaging the
reputation of the firm, mental illness  of workers, cost of medical care, cost of recruiting and training new
workers, compensation cost, cost of repairs and additional supervision, productivity loss, and cost of
accident investigation. Safety inspectors are responsible for ensuring that safety regulations are followed
by contractors to avoid accidents [5]. Hardhats and safety  -vests are the most fundamental PPE. "Employees
working in areas where there is a possible danger of head injuries from impact, or from falling or flying
objects, or from el ectrical shock and burns, shall be protected by helmets" [6]. Canadian Centre for
Occupational Health and Safety (CCOHS) emphasizes the importance of wearing High Visibility Safety
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Apparel (HVSA) for different lighting conditions and working close to movin g vehicles [7]. Due to the nature
of the construction industry, detecting workers and their PPE from surveillance videos is a challenging task

for the following reasons: (1) bad weather conditions, (2) low lighting conditions, (3) low camera resolution,

(4) camera height, (5) narrow field -of-view of the camera, and (6) occlusion [8]. Among these challenges,
occlusion is the most significant barrier to object detection. To facilitate safety monitoring, a large number

of research studies applied computer visi on (CV) for detecting PPE on construction sites. Nevertheless,
detecting workers and PPE is still a challenge in far -field videos. This paper proposes a novel nested network
based on frame segmentation that consists of two Deep Neural Networks (DNN) to fac ilitate safety
monitoring on construction sites. The first model detects the human bodies on the construction site, and

the second one detects if the detected person is wearing a hardhat and a safety vest. The proposed method

is validated based on the vide os collected from a real construction site. The results show the effectiveness
and practicality of the proposed method for detecting the workers far from the camera as well as detecting
compliance or noncompliance with the PPE regulations.

2. Methodology

In this research, surveillance cameras are installed at a height to reduce the occlusion and cover most of
the construction site. Fig. 1 shows the projection of workers on the image plane under these conditions,
where the center of projection (COP) is the ¢ enter of the surveillance camera, and three workers are at
different locations. Based on the angle of view of the camera, the worker far from the camera is captured

on the upper part of the image plane. The angle of projection for this worker becomes small er and makes
him appear smaller on the image plane because of the perspective view [9]. As will be explained in the case
study, the worker in far -field could be about 1/3 the size for workers in near -filed on the image frame. A
novel frame segmentation nes ted network is proposed to overcome the challenge of detecting workers and
PPE. The proposed method consists of two nested Faster R -CNN models that are applied sequentially.
These models are custom -trained using the transfer learning approach. Fig. 2 shows the overall flow of
detection for every frame in the surveillance video.

2.1. Worker detection module

The state-of-the-art Faster R-CNN [10] is a robust object detection algorithm that uses a Region Proposal
Network (RPN). Faster-RCNN has an input framesi ze of 1024x600, which has an a

Definition (HD) surveillance cameras used in construct
resolution is larger than the input frame size of the Faster R -CNN model, and the network resizes frames in
order to fit the input size in both detection and training stages. As shown in Fig. 1 a worker in the far -field

is captured in a small area on the image frame. Additionally, as a result of resizing, the worker becomes
even smaller, which makes t he detection more challenging and also affects the training performance. The
worker detection module has four main steps: frame segmentation, worker detection, detection
refinement, and removing duplications. The objectives of the worker detection module a re: (1) detecting
far-field workers, (2) eliminating the resizing effect, and (3) covering all workers with segments. Fig. 3 shows
the components of the worker detection module.
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Fig. 1. Projection of workers on the image plane und er the real -world condition
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Fig. 2. The overall frame segmentation based nested network detection approach
Three main segments are defined parallel to the horizontal axis of the image frame. | is the near -field strip

where workers are captured in the largest size compared to the whole frame, K is where workers are
captured in medium -size (mid-field) and J, where workers are captured at the smallest size on the image
plane (far -field). Additionally, sub -segments are needed within each main segment to meet the input size
and aspect ratio of the network. Workers' width on the image plane is the smaller dimension of a worker
and is used to calculate the sub -segments' width. Equation 1 is used in order to get the number of the non -
overlapping sub -segments where N is defined as a number of workers fitting into a sub -segment. Different
values of N are considered to get the best detection results and compared with the aspect ratio of the
Faster R-CNN network. In order to make sure that the detection fully covers workers intersecting with the
borders of the main segments/sub -segments, overlapping main segments and sub -segments are defined.

Frame width 1)

Number of sub-segments = Ceiling ( -
N3 Average width of worker

Frame width )
Number of sub-segments

Sub-segment width =
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Fig. 3. Components of the worker detection module

In some cases, some objects (e.g., detecting traffic cones) might be detected as  a worker. In order to refine
the detection results, this study considers the average area of workers in each main segment to remove
the false detections from the detection lists. In addition, the detection of workers in overlapping segments
results in dou ble counting of workers. The proposed solution is to first map the detection coordinates in
the segments to the uniform frame coordinates and then using the loU cost function to remove
duplications. loU represents the intersection of the ground truth bound ing box with the detection bounding
box divided by the union area, and is calculated between all the detected objects in the same frame. A
threshold ( T) is defined to remove the duplicates when the IoU is higher than T.

2.2. PPE detection module

The next step after detecting workers is to detect whether they are wearing the required PPE (i.e., hardhat

and safety -vest). Detecting hardhats and safety -vests is a challenging task, especially under the far -field
area with a small angle of view. Therefore, a nest ed Faster R-CNN model is used, which relies on the
detection outputs from the worker detection module. The PPE detection dataset considers the labels H
(hardhat), NV (no -safety-vest), NH (no-hardhat), and V (safety -vest). If NH (no-hardhat) or NV (no -vest) are
detected, it will be considered as dangerous behaviour. Then, potential regions are defined for each object

of interest, where H or NH must be detected in the upper 1/3 region of the detected worker bounding box

and V or NV in the lower 2/3 region. In addition, this research considers conflicting detections, where the
PPE detection model returns both wearing and not wearing a hardhat or a safety -vest at the same time,
based on the confidence level of the detections.

3. Implementation and case study

Surveillance videos from a construction site are used to validate the proposed method. The construction

site is a power substation. The construction site is located in Montreal, Canada, where Axis P1425 -E
surveillance cameras wi t h)indtBlledroe ®w poles at about 10Indh2ighk The 8 O
training for worker detection and PPE detection was done using two primary datasets containing 2200 and

1000 images, respectively. In the worker detection dataset, the main object of interest is human. Si nce the
region of interest for the PPE detection model is the human body, the PPE dataset contains cropped images

of persons. The PPE dataset is created by combining the CUHKO1 dataset [11] that contains people captured
from a high angle of view, as negati ve examples of workers with no PPE, and the image dataset of workers
with PPE from the site. The images in both datasets are annotated using open source software Labellmg

[12] using PASCAL (pattern analysis, statistical modelling and computational learning ) format [13]. Examples
of worker and PPE annotations are shown in Fig. 4.
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Fig. 4. Examples of workers and PPE annotations

The three main segmentsof I, KandJd are defined with an equal size of
axis of the image frame. However, the size of the main segments does not fit with the input size of the
Faster R-CNN network. As explained in Section 2.1, in order to find the optimum number of sub -segments

considering the accuracy and detection time, usin g Equation 1, three values of 5, 15 and 25 are considered
for N. The average width of workers is measured on the image plane. The average width is 55 pixels in the
main segment |, 35 pixels in main segment K, and 20 pixels in the main segment J The total number, size,
and aspect ratio of sub-segments with different N are summarized in Table 1.

Table 1. Number of sub -segments with overlaps for detection based on different N

N  Sub-segment information Main segment | Main segment K Main segment J
No. sub-segments with overlaps 13 21 39

5  WxH (pixels) 27471540 1741540 961540
Aspect ratio 0.51 0.32 0.17
No. sub-segments with overlaps 5 7 13

15 W x H (pixels) 64071540 4801540 27471540
Aspect ratio 1.19 0.89 0.51
No. sub-segments with overlaps 3 5 7

25 W x H (pixels) 96071540 64071540 4801540
Aspect ratio 1.78 1.19 0.89

Three 5-minute validation videos recorded with 30 frames per second are selected from different phases

of the project, and detection is performed every one second. Precision, recall, and accuracy are calculated

to evaluate detection results. The results are based on assuming the value of 50% for the loU. Based on the
results of the worker detection model, the best detection results are for N equals 25, where the image
frame is divided into a total of 15 sub -segments that fit input dimensions and aspect ratio of the Faster R -
CNN person detection model. The average precision and recall for the worker detection model are 99.67%

and 92.92%, respectively . The proposed method based on frame segmentation improved workers detection

on large construction sites compared to the literature [14]. In order to evaluate the PPE detection model,
200 images were gathered, with half of them for workers wearing PPE and the other half for cases where
PPE is not used. Precision and recall are calculated to evaluate the PPE detection module, which are
summarized in Table 2. The PPE detection module achieved higher precision and recall compared to [15],
which similar | y detected the PPE within the workerAs bounding

Table 2. PPE detection results

Classes Precision (%) Recall (%) Accuracy (%)
H 94.06 95.96 90.47
NH 97.93 93.14 91.34
\Y, 80.00 96.97 78.05
NV 93.00 93.00 86.92
Average 91.25 94.77 86.70

4. Summary and conclusions

This paper proposed a nested network for detecting workers and PPE on large construction sites based on
frame segmentation techniques. The framework combines two Faster R -CNN models in order to detect
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workers and PPE. Three main segments of near, mid, and far-fields of view are defined. Sub -segments are
defined for each main segment to meet the required input size and aspect ratio of the worker detection
model. Detection results are first refined based on comparison with the average area of workers in each
main segment; then, the results are mapped from sub -segments to the original frame. Duplicated
detections are removed from the detection list of workers. Moreover, the PPE detection module defines
potential regions for each type of PPE to be detected. Dete ction results are compared based on the
confidence level of the detection to remove any conflict (e.g., detecting H and NH at the same time). The
final output of the nested network indicates if a worker is wearing a hard and safety vest or not. Based on

the case study results, the proposed method improved the detection for far -field workers and PPE.
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Abstract

Struck-by equipment is one of the main reasons of accidents on construction sites. In order to improve
construction safety, previous research proposed using Real -Time Location Systems (RTLS) to track the
location of workers and equipment on constr  uction sites. However, using ultra -wideband RTLS on large
sites is difficult because it needs many timing cables to synchronize the data of the sensors surrounding

the site. Furthermore, providing safety alerts to workers within dangerous proximity to equi pment has not
been addressed in previous research. Instead, the alerts were sent only to the safety manager. This paper
aims to develop a method for providing proximity safety alerts to workers on construction sites using
Bluetooth Low Energy (BLE) RTLS. BLE RTLS can provide acceptable accuracy coupled with large coverage
and without the need of timing cables. In addition, with the support of two -way communications between
the tags and sensors, it is possible to provide vibro -tactile alerts to the workers u sing wristbands. A
prototype system is developed to filter the location data and remove outliers using averaging over time and
averaging over tags of the objects. A case study is applied on a construction site to demonstrate the
feasibility and performance of the proposed method.

© 2020 The Authors. Published by Budapest University of
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: Bluetooth Low Energy (BLE) Real-time Location System (RTLS), construction safety, wristband, v ibro -tactile
alert

1. Introduction

Struck-by equipment is one of the main reasons of accidents on construction sites [1]. In order to improve
construction safety, previous research proposed using Real -Time Location Systems (RTLS) to track the
locations of workers and equipment on constructi  on sites. However, it is important to find the balance
between positioning quality and cost of the RTLS. For methods using the low -cost radio -frequency
identification (RFID), the accuracy is too low for safety management on construction sites [2, 3].
Technologies such as ultra -wideband (UWB) and the surveying -level Global Positioning System (GPS), on
the other hand, are accurate but expensive, which reduces their applicability in construction sites.
Moreover, UWB RTLS requires timing cables to synchronize t he data of the sensors surrounding the site [4,
5], which is another difficulty for construction projects since more cabling means more cost. In addition, in

previous research, alerts were sent only to the safety manager, or risk events were recorded in re ports
which can be reviewed by the safety manager on a daily or weekly basis. To prevent struct  -by accidents
more effectively, a method that can warn workers in near real  -time is needed.

This paper aims to develop a method with less cabling using Bluetoot  h Low Energy (BLE) RTLS based on the
angle of arrival (AOA) technique, which provides sub -meter positioning accuracy with a relatively lower cost
compared to UWB [6], to provide near real -time proximity safety alerts to workers on a construction site.
The research has three objectives: (1) Testing the feasibility of using a wireless scheme of RTLS on
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construction sites; (2) Developing a method which effectively detects proximities in near real -time; and (3)
Testing vibro -tactile alert patterns sent to worke rs which can be easily perceived.

2. Purposed m ethod

The method focuses on data processing to define proximity events, and generating near real -time alerts
and weekly proximity reports. First, the BLE system setting is configured to meet the requirements
according to the constraints. Then, data processing is discussed to illustrate how to define the proximity.

At last, the method of generating near real -time alerts and events recording is presented.

2.1. BLE RTLS setting for meting requirements

Five requirements are identified for BLE RTLS in order to get good positioning performance: (1) Field of view
(FOV) of sensors: FOV of sensors is the most important factor affecting the performance of the system. To
guarantee good performance, the sensors shoul d be installed where they have line of sight to as many tags
as possible. (2) Data handling capacity of sensors: The RTLS sensors have limited capacity for handling tags
data, which depends on the specific type of the sensors. For the BLE RTLS used in this  project, the maximum
capacity that the sensors can handle is 250 packets/s [6]. (3) Network environment and power supply: The
sensors should be connected to the same network of the server computer. One solution to reduce the need

for long ethernet cables is to build a wireless network environment using antennas as shown in Figure 1.
(4) Visibility of tags: Although setting sensor at a high position can help increase the visibility of tags, there
are occlusions which are inevitable. Since the construction s ite is a dynamic place, tags can be occluded for
short periods by different construction resources. To address this issue, several tags are attached on the
same object, so that even if data of one tag is missing, the position of the object can still be cal culated by
using data from the other tags. (5) Reflective materials: Signals can be reflected by the metallic surfaces on
the construction site. Since the BLE RTLS uses AOA to calculate the position of tags, reflections of the signals
will generate more er rors in the results.

Antenna »_/Antenna

Camera

S
ensor k; y
" - > ‘ Site office
\- >
\\ 3 s

Server computer

§ Safety zone in the site office

Figure 6. Using Antenna to Connect Sensors to Server in Site Office

2.2. Data processing

Although filters are embedded in most of RTLS systems, the smoothed data still have many errors.
Therefore, extra processing is applied to reduce errors. The steps of data processing are shown in Figure 7:
(1) Identifying the tags attached to the same object; (2) Averaging position data of the same tag over a
period of time 'Q to get position at time  "Y; (3) Estimating the pose and the velocity of an o bject based on
the known geometric relationship between tags on that object; (4) If the data of an object at time “Yis
missing, the position of the object attime  “Yis calculated using extrapolation.
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Figure 7. Data Processing and Proximity Event

2.3. Proximity events

Using the positions of workers and heavy equipment, proximity events can be detected. The size of the
safety zone for each equipment is selected at the planning phase. In this paper, safety zones are designed

to have a circular shape with a radius corresponding to the size of equipment as shown in Figure 6. After
getting the position of equipment, dynamic safety zones are generated. In the proximity detection step,
whenever a worker enters the safety zone of an equipment not belonging to the sam e group, this is

considered as a proximity event. In this case, alerts are sent to the worker and equipment operator through
vibro -tactile signals. Information of this event, including the time, ID and position of involved the worker
and equipment, are als o recorded in order to generate a daily/weekly safety report.

2.4.Generating alerts

Three tactile signals are designed to be sent to workers and equipment operators. Based on the results of

Saket et al. [ 7], the wuser As f e edifferengvibrateompttenpse Withé¢hpt i on s
same vibration strength, a rapid pattern produces a more urgent feeling to the user. Three vibration

patterns are designed to represent three different cases of proximity. The three patterns are shown in

Figure 8. When a worker enters a safety zone, Pattern 1 is generated. If the worker continues approaching

the equipment, then Pattern 2 is generated. If the worker enters a very dangerous zone (i.e. very close to

the equipment), Pattern 3 is generated.

| on | off | on | off | () Long on, long off

| on | offl on | off | on | off | on | off | (2) Short on, short off

| on | (3) Always on

Figure 8. Vibration Patterns
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3. Case study

In the case study, tests are conducted to evaluate the feasibility of the proposed method on a construction

site of an electric substation. The area of the constru
antennas are installed on four poles a t the corners of the construction site. Another antenna was installed

on the pole near the site office. The site office is located at a distance of more than 100 m away from the

construction site.

3.1. RTLS installation and ®tup

The BLE RTLS used in thecase study is Quuppa [6]. The sensors are of the model LD7L, which is suitable for
outdoor positioning and can achieve sub -meter accuracy within the range of 150 m. A total of nine sensors
are installed on the four poles. Antennas are installed at the top of poles and sensors are connected to the
antenna on the same pole. On each pole, a camera is also installed to capture the video of the site. The
videos are used to visually compare with the results from RTLS. The positions of sensors are measured
using a total station. The setting of the RTLS is configured to optimizing outdoor positioning performance
according to QuuppaAs rdienensionah¢2D)dtimdkingonmode. is cfiosen in the RTLS
because the accuracy in the height direction is lower thani n the x and y directions.

3.2. Proximity detection and alert generation testing

Five anonymous volunteer workers joined the test. They were asked to attach tags on the sides of their
hardhats. In addition, three tags were attached on the body of an equipme nt as shown in Figure 4. Tapes
are used to reinforce the attachment of all the tags. In addition, the workers were asked to wear wristbands

for generating vibro -tactile alerts [8]. The Workers and the equipment operators were asked to complete
their tasks according to their schedule. The system recorded the data and detected proximities. After
applying the RTLS system on daily activities, the system could show the position of workers and equipment

as shown in Figure 5. In this figure, the proximity between Equipment -2 and Worker -D are indicated. The
system monitored the distance between workers and equipment not belonging to the same group.
Whenever the distance is less than 2 m, the ID of the equipment and the worker are shown on the user
interface. An init ial test was done for alert generation. The generated vibro  -tactile alerts were received by
the respective workers within 1 s.

sides of hardhat

' V E‘:l‘ ;N-’:\ ;

] Q‘i Tags attached on both &
9 ] i
f

(@) (b)

Figure 9. (a) Tags on Hardhat; (b) Tags on Telehandler
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4. Conclusions and future works

The paper proposed a method to generate near real  -time alerts to both workers and equipment operators

by applying a wireless scheme of BLE RTLS on a construction site. The method estimated the poses and
velocity of objects by considering the positions of multiple related tags during short periods. The estimated
information of the objects is used to detect risky proximit ies. A test on a construction site was conducted.
The results were compared with the ground truth data. The BLE RTLS is able to provide accurate positioning

in a large site. The method is able to monitor the position of equipment and workers and detect uns afe
proximities. Furthermore, vibro -tactile alerts can be generated by the system and are perceived
immediately within 1 s by the workers wearing a wristband.

Future work will focus on three aspects. First, more rules will be added to the method when estim ating the
pose and motion state of objects in order to reduce false alerts. Second, more tests will be performed
during construction activities to test the feasibility of applying the proposed proximity warning system in

the long term. Third, by considerin g feedbacks from workers, methods for improving the usability of the
system will be developed.
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Abstract

Each project is unigue in nature and has its own complexities asso  ciated with it, and the management of
construction projects requires effective and well -organized communication between all parties and
stakeholders involved in the project. Coordination and collaboration between all stakeholders are the key

to the success of any project. This is the sole importance among the team members of completing any given
project on time and at the required cost.  ICT is a technology that can be used to enhance communication
between all the parties concerned working on specific or con  cerned projects, including stakeholders, etc.
IT-based technology has many tools and software that have the tremendous ability to ease work related to

the flow of information, data collection and storage, etc. The objective of current research is to identi fy and
analyze the factors affecting the implementation of ICT / Automation in construction projects in India using
structured equation modelling (SEM). The literature review has been carried out and some attributes have
been identified regarding the benef its, barriers and enablers of ICT. These attributes were included in the
questionnaire prepared to receive a response from industry professionals in the construction sector. The
survey was conducted in the Indian construction industry and the response of v arious industry
professionals from top -level management and middle -level management was recorded. The data collection
was carried out and the response was further analyzed. Various factors affecting the use of ICT in
construction project management have be en analyzed using different statistical techniques (exploratory
factor analysis, reliability analysis and structure equation model). The findings of the research provided a
SEM model for the successful implementation of ICT in construction projects.

© 2 0Th&®Authors. Published by Budapest University of Technology and Economics & Diamond Congress Ltd
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: ICT, automation in construction , construction management, project management, structure equation
model

1. Introduction

Many building aspects reflect the significant benefits that the industry could reap from information and
digital technologies: the vast quant ities of knowledge to be handled, production focus and participant
dissemination. Nonetheless, IT adoption in construction sector usually considered minimal and potential
adoption predictions have proven optimistic ~ (Fukao, lkeuchi, Kim, & Kwon, 2016; Suryawanshi & Narkhede,
2015). While more champions were disappointed, the use of digital technology in construction has
increased. The use of information and communication technology (ICT), also known as information
technology (IT) has grown enormously in such areas as design and planning, cost control and budgeting,
computer -aided facilities management, among others, thereby creating many opportunities for better and
more efficient p roject execution within the industry. This study has the potential to offer some new insights

Automation and Robotics for Construction 44


https://doi.org/10.3311/CCC2020-008
mailto:sauravarambol@gmail.com

Proceedings of the Creative Constructic@enference (220) 08
Available online a¢-2020.creativeconstructionconference.com/proceedings/

into ICT in the construction and context creation. The explanation is, because in developing economies such

as India, what a company may see as major challenges inimplementing and using ICT would be significantly
different from those in a developed economy such as UK where the ICT Industry with various regulatory
frameworks and cultural constraints  (Jayasudha & Vidivelli, 2016; Kenley, 2014; Koseoglu & Nurtan -Gunes,
2018).

1.1. Objectives of the study

The objective of current research is to identify and analyze the factors affecting the implementation of ICT
/ Automation in construction projects in India using structured equation modelling (SEM).

2. Literature review

The use of information communication and technology is simple to handle different resources, including
human resources. New techniques, such as BIM (Building Information Modelling), have totally changed the
architectural point of view of the global market. The Internet is used internationally, and the projects are
debated in several ways (Arayicietal., 2011). (Gu & London, 2010) has stated that there is a lack of education
of these technologies and professionals in construction industry find it difficult to use and learn these
technolo gies. The ICT based technology can only be adopted in construction sector if these technologies
are adopted by large and big name organizations of a nation and set a benchmark for other organizations.
The lack of efforts made by these organizations are a b ig barrier in the adoption of ICT. The awareness of
technology and user education is required in the industry to improve the acceptance and adoption of ICT.
The top management should be aware of these technologies and should adopt and promote so that
everybody at middle and lower management takes it seriously  (Arnold, Javernick-will, & Asce, 2013; Kang,
Brien, & Mulva, 2013; Son, Lee, & Kim, 2015) . The quality of tools or ICT equipment made available to the

construction companies are also one of the barriers. During the use of these technologies some
organization are also not convinced regarding the security these software or tools provide [3]. The use on
building project performance has been recently evaluated through best practice and the di rect impact on

the project cost growth of use of 3D CAD, which means the cost outcome has a negative impact as the
associations of project output and technological use at project and process level. The results indicate that

the link between the technical u sage and the project findings has been explored and that the cost and the
timeline of the project will be greatly influenced by the data / intensive data / knowledge and management
functions. The IT utilization enhances time -bound productivity and has are latively low cost -effective impact
(Dixit, Mandal, Thanikal, & Saurabh, 2019; Dixit, Sharma, & Singh, 2020; Dixit & Sharma, 2020)

3. Research methodology and data analysis

The research methodology used in the analysis is the compilation of primary data for ICT adoption in the
Indian building industry. For data collection, a standardized questionnaire survey is used. The study targets

are consultants, clients, investors, cont ractors, government officials, architects and other key players in the
Indian construction market. The Likert five -point scale is used to identify respondents where one has the
least impact and five has the greatest effect. The survey was conducted in the Indian construction industry
and the response of various industry professionals from top  -level management and middle -level
management was recorded. The data collection was carried out and the response was further analyzed.
Various factors affecting the use of ICT in construction project management have been analyzed using
different statistical techniques fig. 1 and 2. Approximately 350 questionnaires were circulated and 88
correct answers were returned (Dixit et al., 2020; Shah et al., 2019) .
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Figure 1. Position/Designation of the respondents

Years of respondents ' experience

above 15 years I 14%
10-15 years I 33%
5-10 years I 3 3%
0-5 years I 19%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Figure 2. Years of respondents ' experience

3.1. Reliability analysis

Reliability refers to the degree to which a calculation provides accurate outcomes if measurements are
replicated many times. The reliability analysis is called the reliability analysis. Reliabil ity analysis is calculated
by obtaining the ratio of the systemic variability by calculation of the correlation of the scores obtained

from different administrations of the scale table 1. And, if the reliability measurement correlation is strong,

the scale findings are consistent and therefore accurate  (Hartmann, Meerveld, Vossebeld, & Adriaanse,
2012).

Tablel.Rel i ability analysis/ CronbachAs alpha for differ:eé
Factors Cronbach's Alpha No. of attributes
Factor 1 (Site management) 0.82 06
Factor 2 (Leadership management) 0.81 05
Factor 3 (Project change management) 0.84 02
Factor 4 (Performance) 0.87 02

3.2. Exploratory factor analysis

Exploratory factor analysis is a statistical method used to decrease data to a smaller collection of summary
variables and to investigate the theoretical framework underlying the phenomenon. The EFA has reduced
the 19 attributes into 4 factors. All of the selected attributes have a factor load of more than 0.4. The
cumulative quantit y of variance explained by four factors are 57.25% which is above the minimum
threshold (above 50%). All four factors from the EFA were shown in Table 2 below.
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Table 2. EFA table

Attribute/variable name Factor loading  %age of variance explained
Site management 21%

Less handling and managing charges 0.6

Helps to improve collaborations and coordination 0.8

Improve swift communication 0.8

concurrent construction management 0.6

Efficient procurement of materials 0.8

Helps in contract management 0.6

Leadership management 14.50%

Metadata information availability to the management 0.4

Efficient query resolution mechanism 0.5
Project change management 12.30%
Streamline flow of accurate information 0.5

Project information is stored precisely in a better way 0.7

ICT refines the productivity of organization

Real time project information availability 0.6
Effective project change management 0.6
Performance 9.45%
On time completion of project 0.4
Within budget completion of the project 0.6

57.25%

3.3. Structure Equation Modelling (SEM)

Structural Equation Modeling involves a number of mathematical models, computer algorithms and
computational methods that are suitable for networks of data structures. SEM contains confirmatory factor
analysis and composite confirmatory analyzes, path analysis and partly least square path modeling and
latent growth modeling. Models of structural equation are also used to test 'latent’ structures that can not
be observed. The use of SEM in social sciences is generally justified because the relationship between
unknown structures (latent variables) is defined by observed variables. The review of literature and CFA
grouped the 19 attributes into 4 main signi ficant factors are: Site Management (SM), Project change
management (PCM), Leadership management (LM), And Performance (PR) of construction projects the
following hypothesis are formed (refer conceptual model) fig. 3:

1 Site management (SM) factors are having a significant impact on performance (PR) of construction
projects

1 Project change management (PCM) having a significant impact over productivity (PR) of construction
projects.

1 Leadership management (LM) is having a significant impact on productivity (PR) of construction
projects.

3.4. Findings of the study

The findings of the SEM results concludes that the most significant factor impacts the performance of the
construction projects is site management(SM) ( Abbott, 2013; Allen, 2016; Br dch
Borcherding, Gonz al e llowe& by ARrogect ®jact chahde Infanagement (PCM) and

Leadership management having a significant value of 0.03, 0.05, and 0.01 respectively (ta  ble 3 and 4).
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Figure 3. SEM model

Table 3. Measure for the goodness of fit (GOF)

Measure for the goodness of fit (GOF) Initial model values Final model values
G%DOF 3.25 1.98
Comparative fit index (CFl) 0.62 0.85
Goodness of fit index (GFI) 0.58 0.84
Tucker-Lewis Index (TLI) 0.61 0.94
Root mean square error of approx. (RMSEA) 0.13 0.09
Incremental fit index (IFI) 0.65 0.79
Normal fit index (NFI) 0.73 0.80

Table 4. Hypothetical path and their influences

Hypothetical path and their influences Path coefficient Sig. (p) Interpretation
Hi1: PR YPCM -teémpacgct e d 0.42 0.05 Accepted
H2: PR YLM (expected +ve i mO0.30 0.01 Accepted
H3: P R Yexpg@dikd +ve impact) 0.53 0.03 Accepted
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4, Discussion and conclusion

The progress of any project depends on good communication and understanding between all project
participants and stakeholders. Good communication is the secret to the success of any project. In the
construction sector, projects need very good communication management between all parties which can
be accomplished through the adoption of ICT or ICT technology. The study identifies various attributes
affecting the adoption of ICT in the Indian built environment. Large organizations and policy agencies have

to take care of that, and guidance and regulations are needed to make the best use of these technologies,
which definitely will help other professionals, our services, our organizations and companies. In order to
compete world -wide and to aspire to be an esta blished construction industry and nation in the eyes of the
global world (Aguilar & Hewage, 2013; Forcada, Fuertes, Gangolells, Casals, & Macarulla, 2013; Kim, Park,
Lim, & Kim, 2013; Zeng, 2020), the industry will have to accept change and with the new age we will welcome
these optimistic changes with open  hands. In this regard, the governments and big corporations in our
industry need definite help, so that small businesses can see them as a model and follow their footsteps
(Fadiya, Georgakis, & Chinyio, 2015; Ikediashi, 2014) .
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Abstract

Validation can be carried out in many ways, as with most of the research work model validation is usually
carried out in five main ways: retrospective project analysis, use of  archival data, alternative data collection
methods, replication of studies, and experimental implementation. Given the complexity of the data used

to propose a framework model for on  -site construction productivity, three separate validation methods
have be en used to verify accuracy and reliability. The validation of the framework model (structure equation
model) and the hypothesis using statistical validation measures (quantitative experimental studies are ideal
testing tools such as GOF, TLI, and CFl), secondly the validation of the model is by validating the seven main
hypotheses using an expert panel of top management industry professionals from the Indian construction
industry (using an expert panel of project managers from 13 different construction proj ect in India). The
results of the accuracy and effectiveness of the framework model were compared in both different
validation processes and the findings of the study suggest that the framework model developed using the
structural equation model is valid and that the model could be used by the Indian construction industry.
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Keywords: validation process, f ramework model , construction productivity , construction management, structure
equation model

1. Introduction

Each construction project is unique and complex. Each project begins with unique parameter S, massive
investment with good effort and planning  (Abdul Kadir, Lee, Jaafar, Sapuan, & Ali, 2005). But as planned,

only a few projects succeed. Poor productivity performance is the main problem with the unsuccessful

project. Growth an d improvement in construction productivity are not constant over time and tends to be

low compared to productivity growth in other sectors, such as manufacturing, services, etc (Brdochner &
Olofsson, 2012; Kuykendall, 2007) . The construction sector is considered to be the engine of growth for a

country's economy, providing links and job opportunities to other industries. On average, the contribution

of the construction sector to the global economy has been around 7 -10 per cent over the last five years (S.

Dixit, Pandey, Mandal, & Bansal, 2017) . Whereas the contribution of the construction sector to Indian GDP

has beenaround8 -9 % over the |l ast five years. 3 {nowingacormmi@sdon o my
the world (Olomolaiye, Wahab, & Price, 1987) . Productivity has been one of the m ost critical and significant

issues in the Indian construction industry in recent decades (Saurav Dixit & Sharma, 2020; Saurav Dixit,

Sharma, & Singh, 2020). Factors affecting productivity may have a short -term or long -term impact on the

company, with productivity being affected for a short time. Productivity consists of different attributes such

as labour, capital, utilities, services, plant and equipment, etc. Various experiments have been carried out
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in different countries to deter mine (AbdebWahab & tVogl 2081lf f ec t i
Gatti, Migliaccio, Schneider, & Fierro, 2010; Ma & Liu , 2014; Moselhi & Khan, 2012) .

The Indian construction industry has an average annual turnover of 3.85crores (Loganathan & Kalidindi,
2015). But every year the industry faces huge revenue losses due to a variety of issues, conditions, a  nd
delays due to poor productivity are one of the main challenges (Rami Huges 2014). Nevertheless,
productivity losses in India are still more than 30%, which is a major area of concern for construction
workers (Loganathan & Kalidindi, 2015) (S Dixit, Mandal, Thanikal, & Saurabh, 2019; Shah, Dixi t, Kumar, Jain,
& Anand, 2019) . Successful completion of any work in time generally depends on the quality of the projects,
resources and processes involved. Authorized bodies such as CPWD, Bureau of Indian Standards, etc. have
made several standards to set the quality guidelines for various construction -related activities. The
Construction Industry in India is very complex, fractured, and largely unorganized. The professional and
productive labour force has always been one of the most complex issues for the construction
industry (Guntuk & Koehn, 2010; Kirmani, 1988; Mani, Kisi, Rojas, & Foster, 2017; McKinsey and Company,
2010). The objective of the study is to validate the SEM framework model using expert judgement analysis
and respondent As dat a an aabiitg dfsthe faotors caffeeting thet chnstructiop p | i
productivity in the Indian construction industry fig 1.

2. Research methodology and analysis

The methodology adopted for the study is to validate an SEM model for improving on -site construction
productivit y using an expert p(aBreeglu ea fi ar, e LW dr6d e nHtaAsl owe | | & C
2004). And for this purpose, a two -sheet handout of the conceptual model and final framework model and

seven stateme nts about the impact and effectiveness of the hypothesis and findings of the SEM model was

asked on a Likert scale of 1 -5. Please provide your inputs for the below -mentioned statements on a scale

of 1to 5. Where,

= Agree but perceive the impact to much | esser than the assigned value in the model.

Agree, but perceive the impact to lesser than the assigned value in the model

Agree, and perceive the impact to equal the assigned value in the model

= Agree, but perceive the impact to higher than the ass igned value in the model.

1 5= Agree, but perceive the impact to much higher than the assigned value in the model.

The received responses were collected and stored in excel spreadsheets. And the final data analysed using
the mean, standard deviation, and sta ndard error of the data.

O

11
12
13
14

PROJECT LEADERSHIP AMD PROJECT CHANGE
COORDINATION AND FIMAMCIAL MANAGEMENT
CLAIM MANAGEMENT MANAGEMENT

Construction

Productivity o e

PROJECT RISK SITE MANAGEMENT
MANAGEMENT FACTORS

Figure 11. Factors selected for the study
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2.1. Hypothesis

1 Project change management (PCM) having a significant impact over productivity (PR) of construction
projects.

1 Leadership & Financial management (LF) is having a significant impact on productivity (PR) of
construction projects.

1 Project coordination & Claim management (CS) is having a significant impact on productivity (PR) of
construction projects.

1 Site management (SM) factors are having a significant impact on productivity (PR) of construction
projects.

1 Project Risk management (PRK) factors having a significant impact on the on productivity (PR) of
construction projects fig. 2.

Productivity of
construction
projects

Project claim
& coordination
management

Figure 2. Causal model derived from the hypothesis

COUNT OF EXPERT BY PROJECT
LOCATION

CENTRAL INDIA. NORTH INDIA SOUTH INDIA WES INDIA

Figure 12. Location of the projects of the respondent
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3. Research findings

Table 1. Respondent main data analysis table

Pr

Sen oje AG
Seni Seni  Seni ior c{ M-
. . or AD AG or or P Con AGM
Designation Man GM PM M Man  Man AGM nMaa Ln; M stru  Projects
ager ager ager 9 ctio
er rg n
e
Statements for the Ex Ex Ex Ex Ex Ex Ex Ex
Sr.  validation of Model (Factors Expe P Expert P Expe Expe Expert P pe pe P P pe
; . ert ert ert ert ert
No. affecting construction il 5 3 4 rns ne 7 8 rt rt 11 12 rt
productivity) 9 10 13
Project change managemen
1 (PCM) having an impact on 4 1 4 3 2 4 1 4 3 1 2 4 3

the productivity (PR) of
construction projects.

Leadership & Financial
management (LF) is having
2 an impact on the 3 2 5 2 3 2 3 5 4 2 5 3 2
productivity (PR) of
constructionprojects.

Site management (SM)
factors are having an impaci
on the productivity (PR) of
construction projects.

Project change managemen
(PCM) is having an impact
on Site management (SM)
factors projects.

Leadership & Financial
management (LF) is having
5 an impact on Site 3 4 5 3 3 5 4 1 3 3 2 3 3
management (SM) factors
projects.

Leadership & Financial
management (LF) is having
an impact on theProject
Risk management (PRK).

Project change managemen
(PCM), Leadership &
Financial management (LF),
and Project coordination &
Claim management (CS) is
having an impact on the
productivity (PR) of
constructionprojects
mediating Site management
(SM) factors.

The majority of the responses were in the average range of 2.8 to 3.2, with one exception in case of site
management factors having an impact on the productivity of construction works (shows a value of 3.8),
which is on the higher side. The standard deviat ion of the data is in the range of 0.9 to 1.2 for all the seven
statements. The cumulative average value of all the seven statements and 13 expert responses is more
than 3 i.e. (agree, and perceive the impact to equal the assigned value in the model) tabl e 1. The
respondents selected for the study represents the major and significant construction zones of the country

fig. 3. The findings of the study conclude that the main significant factors affecting construction productivity

are site management (SM), Pr oject change management (PCM), Leadership & Financial management (LF),
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Project coordination & Claim management (CS), and Project Risk management (PRK) factors having a
significant impact on the on productivity (PR) of construction projects. Furthermore, th e study also validates
the conceptual model developed by the authors and validates its applicability in the Indian construction
industry.

4. Discussion and conclusion

This study provides a new insight towards the validation of SEM framework models and conc eptual models
using the participation of industry expert panel. The findings of the study also demonstrate the significant
importance of site management and project change management practices on the productivity of
construction projects. Productivity int he construction sector is less due to various difficulties and factors
affecting the industry's growth and economic growth. Analysis cannot focus only on one customer point of
view, as the building industry is a multiparty business, the customer, the contr actors, the subcontractor and
the contractor also need to be examined. In this study, the authors have validated the conceptual model is

a first step towards the more detailed analysis of different SEM models and their applicability on the
construction pro jects.

Furthermore, Validation is a comparison of the proposed model predictions with a set of real -world data to

assess their accuracy and to predictive their effectiveness  (Ghanem, Doostan, & Red -Horse, 2008; Henriksen
etal.,2003;Lucko & Roj as, 2010; Pes ama.a/alidaion enkbdes tbertrust o&thehinadelr , 2 0 0 ¢
to be developed, which is extremely important for the transmission of the findings to the final users. Results

for effective decision -making should be monitored before research that may have an impact on health,

cultural, political climate, economy, and the environment (Thorne and Giesen 2002).
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Appendix A. VALIDATION OF FRAMEWORK TO IMPROVE ON -SITE CONSTRUCTION PRODLECTIVITY:
INDIAN SCENARIO

‘ FRAMEWORK TO
IMPROVE OBITE
CONSTRUCTION

A TOTAL OFFACTORS PRODUCTIVITY HAS
WERE FORMED OUT O BEEN PROPOSED AND

39ATTRIBUTES VALIDATED ON THE
DATA HAS BEEN BASIS OF STATISTICAL
COLLECTED AND THRESHOLD.

‘ ANALYSED USING

A QUESTIONNIRE HAS B DIFFERENT STATISTICAL
BEEN PREPARED AND [ TOOLS AND
CIRCULATED ON THE ~ TECHNIQUES( SBSS

IDENTIFICATION OF BASIS OF THE EXCEL WORKSHEET, RII,
ATTRIBUTES AFFECTINSY ATTRIBUTES SELECTED RELIABILITY ANALYSIS,
CONSTRUCTION FOR THE STUD3Y ( KMO, FACTOR
PRODUCTIVITY FROM  ATTRIBUTES) ANALYSIS, CLUSTER
THE LITERATURE AND ANALYSIS, AND SEM
EXPERT INTERVIB® ( MODEL FORMULATION)

ATTRIBUTES)

Grouping of attributes into Factors

. . RE | Rework
Productivity of construction
C3 Cost
works (PR) :
C4 Quality
CS1 | Site clearance/availability
Project coordination and claim CS2 | political and economic environment
management (CS) CS3 | Interest and inflation rates

CS4 | Working hours

L1 Project coordination meetings

L2 Regular budget update

L3 Leadership qualities

L4 Timely payment of completed works

L5 Availability of training and development for enhancing of skills
P1 Obsolete construction equipment's, methods and technology
P2 Human resource and labour strike

P3 Supply chain

Leadership and financial
management (LF)

Project change management P4 Social environment

(PCM) P5 Climate conditions
P6 Social skills of key team managers
P7 Interpersonal skills

P8 Top management support to pm

RK1 | Conflict of interest among team members

RK2 | Selection of pm with proven track record

S1 Use of inappropriate planning tools and techniques
Site management factors (SM) S2 Willingness to adopt change

S3 Urgency emphasized by the owner while issuing tender

Project risk management (RK)
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S4 Inadequate project formulation in the beginning
S5 Coordination between all stakeholders
S6 Contractual disputes

S7 Design capability and frequent design changes

S8 Ability to delegate authority

S9 Project managers authority to take financial decisions and selecting key team members
S10 | Availability of resources

Please provide your inputs for the below mentioned statements on a scale of 1 to 5. Where,
1= Agree, but perceive the impact to much lesser than the assigned value in the model.

2= Agree, but perceive the impact to lesser than the assigned value in the model

3= Agree, and perceive the impact to equal the assigned value in the model

4= Agree, but perceive the impact to higher than the assigned value in the model.

5= Agree, but perceive the impact to much higher than the assigned value in the model.

Sr. | Statements for the validation of Model (Factors affecting construction

No. | producti vity) 1/2]|3|4|5

1 Project change management (PCM) having an impact 29% on the productivity
(PR) of construction projects.

5 Leadership & Financial management (LF) is having an impact 64% on the
productivity (PR) of construction projects.

3 Site management (SM) factors are having an impact 32% on the productivity (PR)
of construction projects.

4 Project change management (PCM) is having an impact -37% on the Site
management (SM) factors projects.

5 Leadership & Financial management (LF) is having an impact 88% on the Site
management (SM) factors projects.

6 Leadership & Financial management (LF) is having an impact 69% on the Project
Risk management (PRK).
Project change management (PCM), Leadership & Financial management (LF),

7 and Project coordination & Claim management (CS) is having an impact 32% on
the productivity (PR) of construction projects mediating Site management (SM)
factors.

Final SEMproposed framework model to Improve on  -site productivity of construction project.
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Please share your comments on this framework:
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Abstract

The | ate Stephen Hawking was reported to have said, 3Cc
next 100 years. When that happens, we need to make sure the computers have goals ali gned with our
This statement is frightening to most, as very few people may like the idea of seeing computers take over

the world. However, what can be more frightening is for those few people who like the idea to also make

use of Hawki ngriddinds way tp enake suie the @mputers have goals that are strictly aligned

with only theirs. There is a distinguishable apprehension among people of the role Al is set to play in the

future of humanity, and this apprehension is transcending disciplinary boundaries. In the particular fields

related to construction, there seems to be a genuine interest in integrating Al in each phase of a project to

improve quality, enhance safety, and reduce costs, but this interest is countered by a legitimate concern

that many types of jobs would be lost to Al -enhanced machines. In this paper, the authors tried to shed

some light on how Al might change the face of the construction industry. The authors, spanning generations

and disciplines in the industry, tiedtoanswe r t he question 3will AU take over
each from their own perspective including architectural, structural, and construction management. A
synopsis of the status of the application of Al in construction and related fields is first pr ovided, and then

the authors offer their individual views with respect to how they expect Al to affect their side of the industry.
This paper is an effort to gain insights into the perceptions of current and future construction related
professionals of the role of Al and the impact it may have on the industry.

© 2020 The Authors. Published by Budapest University of Techn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Confer ence 2020.

Keywords: artificial intelligence, construction automation, deep learning, future of construction, machine learning

1. Introduction

Charles Babbage, an English mathematician, inventor, and computer pioneer of the late eighteenth and
earlynineteent h centuries, was reported to have said that JA
contrivance of every new tool , [H.uThiaasseitienpwhichris stil eelevamhe s abr
about two hundred years after it was made, strikes at the heart of the subject of this paper. In a

MarketWatch article that was published in early 2019 by Associated Press, the author quoted a Brookings

Instituti on report that predicted that soon more than 30 million U.S. workers will lose their jobs to Artificial

Intelligence (Al) [2]. And a briefing that was published about the same time quoted Al experts stating that
automationcoul d repl ace 40% of the worl di8s jobs in as little

According to Makridakis [4], Al is set to bring about considerable change that will affect all aspects of society
and life, just as the industrial and digital information revolutions did. How people will react to this change
will mostly depend on their perspective and role. To researchers in the field, Al may just be a tool, or a set

of concepts and tools, through which human thinking an  d decision -making processes are transferred to
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machines, which then can use their inherent capabilities to solve complicated problems faster and more
accurately than any human would be able to do. But for many other people, the growing inclusion of Al in

most areas poses a threat to their job security and, perhaps more importantly, the dreaded risk of losing
control to the machine. However, would this latter group acknowledge those applications of Al that can
assist people in achieving a better performanc e at their jobs instead of replacing them? Or are they more
concerned that the services of architects, engineers, and construction managers may be at risk of being
taken over by intelligent machines. Can Al enhanced machines be as creative as humans in s  olving
problems? Do architects, engineers, and construction managers have the same expectations and
apprehensions of the role of Al in their respective sectors? And who would assume the liability for any
problems that may ari se f MheseareBnpostant gdestians that wid needrtarbe r § ?
addressed by the industry as an increased integration of Al in the design and construction processes is
inevitable.

This article is not meant to provide the answers to these questions but rather be a t hought -provoking
exposé to stimulate a comprehensive discussion about A
authors hope that such a discussion will help in consolidating the directions of Al research in construction

and its related fields or defining new ones.

2. Historic relevance of A rtificial Intelligence

The idea of using other than human intelligence is not new and some researchers even trace the concept

back to Greek mythology [5], although the name, Atrtificia | Intelligence, of this now major area of computer

science was not formally adopted until the middle of the twentieth century. A careful observation of the
progression of humansA use of knowledge over timbendwoul d
to take place and that its continued integration in all aspects of human life is unavoidable. Just as a carriage

evolved into a car, a train, an airplane, and then a rocket that can transport people to outer space, and just

as most of the people wh o were around when the first carriage in the world was made could not have

imagined a rocket lifting off into space, the manipulation and undoubtedly further enhancement of human

knowledge by machines will continue to evolve and will eventually reach level s that most people living today

cannot even fathom or think about.

In the past fifty to sixty years, the world has witnessed an explosion of research and in -depth analysis of
the human thought and decision -making processes in an attempt to create machine s that can mimic those
processes. If only one thing was to be inferred from all of the work that has been performed in the field so

far, it would be the fact that intelligence cannot be restricted to one aspect or another of human cognitive
abilities. This is an extremely important observation to consider moving forward because, whether
knowingly or unknowingly, people typically use a combination of their cognitive and reasoning abilities to
solve problems, and many of these abilities are yet to be adequa  tely suited for automation. This, however,
does not mean that those abilities will never be automated. The first person who attempted to fly did not
succeed but persistence allowed mankind to eventually land a rover on Mars. So, if history is a measure,

Al is coming to stay, and people will adapt to it just like they have adapted to the use of engines, electricity,
phones, and computers.

3. Al for architectural design

Architectural design (AD) is a creative and iterative problem -solving approach whose purpose is to organize

living spaces for any kind of human use [6]. Rather than an aesthetic position, architecture is based on an

ethical position (i.e. environmental approach), spatial practice (ways of living and mores of a soc iety), and a

working progress (methods and tools used to pursue the design) [7]. Past cases help the designer to refine

solutions [8]: this is called case -based design. Research in the design cognitio n field has demonstrated that
designerAs background and the i mmediate design environt
[9]. These can evolve from general environment to details (top  -down approach) or from basic eleme nts to

general ones (bottom -up). It appears that the thinking of human designers simultaneously works both ways

9.
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Generative Architectural Design (GAD) refers to the use of algorithms (i.e. cellular automata, genetic

algorit hms, shape grammars, etc.) to support architectural design  [9]. These algorithms have been around

for decades and are part of the history of Al. The first uses of Al techniques for AD date back to the 1960s

[10], even though the idea that an al go[6]liwasmohnewatthetine.3 cr e at
The Architecture Machine Group at MIT has been a pioneer in this field; its leader, Nicholas Negroponte,
considered that the AD process can be 3assistedj, 3augm
[11]. More generally, two visions of Al coexisted: the first postulates that the role of Al is to be able to mimic

human intelligence; the second assumes that its goal is to make the computer more useful to humans by

performing tasks that require intelligence [10]. The second vision largely prevails.

Some very recent work using Al for AD will now be examined. Several Al applications are intended to
stimulate designerAs creati vity ratingimages {streetamblancessntheages of
GAN Loci project [12]) or 3D models [13]. Classification possibilities of CNN are often exploited to retrieve

examples that match a design, for assisting a desi gner in a situation of case -based design to find relevant

cases of previous designs (like for example the DANIEL project [14]). This type of operation is now often

associated with evaluation and optimization algorithms [15].

Architectural solutions have also been generated with Al algorithms. Here are a few examples of very
different approaches. Spacemaker [15] is an ML-based software for urban design that covers generation
evaluation and optimization of urban designs. Al -generated solutions maximize indicators as sun exposure,
noise reduction, etc. Habx [16] is a property development company that developed an ML  -based algorithm
that draws apartm ent plans (partitions and room assignment). Based on reinforcement learning, the
algorithm does not use a database (training set), but design constraints had to be made explicit in order to

train the algorithm to make consistent floorplans. Stanislas Chail ~ lou [17] has developed for his PhD a GAN -
based algorithm that generates apartment floorplans with furniture in an exclusively top -down approach.
The algorithm generates building footprints, partitions apartments, and positions f urniture. The designer
can intervene at each stage to provide input and choose the most suitable design for the next step. While
the Spacemaker algorithm is mainly based on performanc
the designers.

As generation algorithms can quickly generate large amounts of possibilities, classification algorithms are

generally used complementarily, in order to give the opportunity to the designer to browse through the

large range of solutions. Al has also made it possib le to drastically optimize simulation durations to real -

time simulations approximations, by projecting the results of previous simulation cases on new similar

ones. This introduces a kind [48] forésigrnens.i ti on f or deci si on

Digital design has four main components that Al algorithms can already realize: generation, representation,
evaluation (analytical and judgmental processes) and performance (programmatic, performative and
contextual considerations) [19]. While some solutions let algorithms manage a large part of the design
process, others, on the contrary, aim at giving the designer the possibility to master the algorithm itself, in
order to combine the sophistication of a human design process wi  th the power of algorithm generation.
Algorithms are limited by the solutions that can be found in their learning set, or by the constraints they
have been given. Some initiatives give the designer control over the algorithm itself, making it easier for
him to access it without having any particular machine learning skills (i.e. Lobe.ai, a visual programming

tool). AU solutions will probably gradually be integrat
creativity (via solutions generation, re t r i ev al and cl| assi Via rea-time@amalysis) ahd nt ui t
constraints integration ( via optimization). But as any other innovation in the construction sector, Al

adoption will probably be slow. Human intervention will still be necessary and des irable although it may be

reduced for certain types of projects.

4. Al in structural engineering

The field of structural engineering is a fertile ground for applications in Al. In general, civil engineering
problems are multifaceted and usually require a variety of solution techniques that go well beyond
deterministic computations. In structural and other civil engineering disciplines, these may include past
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experience, judgment, and creativity: traits that require respectively increasing levels of difficulty to
automate. Moreover, the role of a structural engineer is very central to the successful completion of a
project and carries a sizeable share of liability. A successful structural design not only must meet the
strength and serviceability requirements as stipulated in the applicable building and design codes and
standards, but it also must acc ommodate the needs of other disciplines, such as mechanical, electrical,
plumbing, and specialty trades, in addition to meeting architectural requirements. Additionally, there may

be numerous options to consider during any one particular design in terms o f materials and construction
methods to achieve most benefit.

Research related to the use of AU for s[20f,buttbotheabedtofdesi g
the authorsA knowl edge, t hetrteprotuaesa comprehensivebAé ebasedatool far t t e mp
the design of a structural system. What is meant by comprehensive here is the ability to produce a detailed

design of structural system starting from an architectural model and without human intervention at a ny

stage of the design process. When one considers all the intricacies and implications of the structural design

process, it becomes evident that if an Al -based tool is to be developed to comprehensively address

structural engineering problems, it must ha  ve a number of necessary abilities that will allow it to tackle the

various aspects of the problem in a reliable and consistent way, namely, and just to name a few:

1 Access to all applicable building and design codes and an inherent ability to interpret and apply their provisions
to the problem at hand

9 Ability to produce conceptual models of possibly feasible structural systems based on architectural or other
relevant information

9 ability to produce structural modeling information from conceptual models

1 Ability to execute the design process and interpret structural design information

1 Ability to perform a holistic assessment of the integrity of the designed system

Each one of these items can be the subject of the implementation of an Al -based application of it s own, and
many of them may be amenable to the production of a number of Al -based applications for the same item.
For example, the ability to execute the design process and interpret structural design information can be
integrated in different tools that  deal with different types of structural systems and materials. As a matter

of fact, the literature is rich with examples of uses of the various Al tools, such as expert systems, neural
networks, deep learning, fuzzy logic, and others to assist structural engineers in specific aspects of the
design process. However, the availability of commercial software that makes serious use of Al for design is
still lacking. This could be due to a number of reasons including the lack of software developers who are
well versed in structural design as well as Al, the lack of comprehensive platforms for the development and
maintenance of Al -based engineering applications, and the prohibitive cost of developing and maintaining

Al applications in the absence of such platfor ms.

Will Al take over the structural engineering world? The answer to this question will depend on what is
actually meant by J3take over. i qf taking over means
engineers plummet because designs will be comp letely automated using Al -driven software, then the most
likely answer is no, or at least not in the foreseeable future. Other than the absence of the required Al
technology to allow for that to happen, there are also serious liability implications for le tting a machine be
responsible for independently producing a design. Consequently, any advances in Al that will lead to the
development of such a system will have to be accompanied by changes to the legal system. The most likely
scenario though is that th e effect of Al on the practice of structural engineering will be similar to the effect
that the introduction of computer technology had on the industry some forty years ago or so. Computers

did not replace structural engineers. Instead, engineers became  able to design larger and more complex
structural systems using more computationally intense analysis and design methods that found their way

into applicable building and design codes. The authors anticipate that Al enhanced design tools will start
finding their way into the structural engineering practice as add  -ons that would be designed to work with
established commercial software, and the expansion of web and cloud  -based computing will play a big role
in allowing such tools to thrive.
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5. Alin c onstruction management

Construction is a high -risk industry with countless opportunities for accidents, miscommunication, and
running over budget or behind schedule. From front end planning to construction documentation,
preconstruction to handover, many sta keholders and changes can overwhelm even the most organized
project managers. Atrtificial intelligence (Al) can significantly improve construction project management
effectiveness. The potential applications of Al in construction are vast. Al applications i n the construction
industry are forecasted to reach $4.51 Billion by 2026  [21]. The easy risk mitigation of quality and safety,
coupled with saving the time and cost of the construction projects, will drive the growth of the mar ket.

Most construction projects run over budget  [22]. Al could help to predict cost variance based on aspects
such as project size, contract type, and the experience level of project managers. Historical data such as
project st art and end dates are used by predictive models to predict accurate timelines for future projects.

Al helps staff get training material remotely, which helps them enhance their skills and knowledge rapidly.
This reduces the time taken to train new resource s, and consequently, project delivery will be expedited.

Today, 3D modeling and Building U4dnformation Modeling (
significantly. To accurately plan and design the construction of a building, the BIM models need t 0 consider

all project systems such as architecture, structural, mechanical, electrical, and plumbing (MEP) systems and

the sequence of activities to build these systems. The main challenge is to ensure that the different systems

do not clash with each oth er. Machine learning, which is a branch of Al, could help to create 3D models of

MEP systems while concurrently making sure that the routes for MEP systems do not clash with the building
architecture/structural components.

Construction projects are exposed to countless forms and degrees of uncertainty and risk  [23]. The larger
the project, the more significant the risk, as multiple teams are working on different trades in parallel on

the job site. Al could be used to monitor poss ible risks on job sites so that the contractors can come up with
more effective contingency plans. Project managers can also prioritize on mitigating high risks when Al
determines one.

Many construction firms are investing in Al and data science to boostt he i ndustryAs | ow pro
solve the labor shortage problem. Construction companies could boost productivity by as much as 50%

through real -time analysis of data according to a 2017 McKinsey report  [24]. Construction com panies are

starting to utilize Al and machine learning to improve resources allocation and resources leveling. An Al -

based application could continually evaluate job progress and the location of resources to enable project

managers to tell which job sites have enough resources to complete the project on time, and which might

be falling behind where additional resources could be deployed. Al could help robots to perform repetitive

tasks more efficiently than their human counterparts, such as pouring concrete , bricklaying, welding, and

demolition, etc. [25]. This releases up human workers for other construction activities and reduces the

overall time required to complete the project.

Laborers are killed on construction sites fivet imes more often than other industries  [26]. The leading causes
of deaths in the construction industry were falls, followed by struck by an object, electrocution, and caught -
in or between machinery [27]. Al-based applications that utilize visual processing algorithms are a vital risk
monitoring and prevention tool for safety managers. Safety monitoring solutions that use Al scan large
amounts of photos and quickly identify workers and instances that are not following safety protocol. For
example, Al could help identify safety hazards, such as workers not wearing appropriate PPE gear.

6. Al in construction froma st u d e rpergpsctive

We can do it, but should we do it, when deciding whether to allocate cognitive and physical labor from
humans to that of artificial intelligence. The consequences of our decision on outsourcing our cognitive
labor to Al will only be fully understood in hin  dsight [28]. And at the moment, there is a terrifying amount
of work automation in warehouses and labs around the world. From a student's perspective, it is
reasonable to believe that Al poses the ability to improve quality, enh  ance safety, and reduce cost within
the construction workflow. How will Al impact the quality, safety, and cost, and how will the impact be
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measured to ensure that Al's goals are aligned with the good for humans? The following sections describe
how Al will impact construction.

The construction industry has been through economic revolutions before, but the robot revolution is
different. Universal robots are requiring minimal maintenance with a minimum lifetime of 35,000 hours

and a return on investment that outperforms the meat -based competition [29]. Construction companies
constructing complex buildings, large scale projects, and demanding deadlines may feel the need to adopt
robots to stay competitive against other companies. Cu  rrently, Boston Dynamics has made a construction
robot named SPOT that can inspect progress on construction sites, create digital twins, and compare as -
built conditions to building information models [30]. Spot can perform qual ity management of
workmanship, and, a key area focused on during an undergraduate degree in construction management;

the robot performs the task autonomously. Will Al take over all of the construction managers' roles and
duties? Only time will tell. Curren tly, construction managers can keep their employability by continuing
education and finding ways to adapt and work next to artificial intelligence instead of being replaced by
machines [31]. In the meantime, while humans are sti Il the majority of the construction workforce, Atrtificial
Intelligence and digital transformation will swiftly creep into the workforce by providing convenience to the
people it serves. Enabling/Empowering people to accomplish more work with the help of co mputers has
established a lasting presence for computers within the construction industry.

Safety in construction is a collective priority and has improved significantly since the early 1900s. Many lives
have been saved and injuries prevented from job safe ty analysis and safety programs established to keep
workers aware of the risks present while completing work. As Job Safety Analysis becomes digitized, it will
become behoove of the companies to utilize the data for safety inference. Such inference will he Ip ensure
EMR rates remain low and help keep workers aware of the risks present while performing individual job
tasks. Al will be coupled with big data to help determine unsafe acts, and statistics will be used to increase
awareness of potential injuries. The most likely injury can sometimes be prevented by doing toolbox talks

to cover the hazards seen most frequently. Al could take the form of a bot on a safety app that notifies
workers of unique hazards while the user is filling out the form. The Job Safe ty Analysis is intended for
workers to think about the dangers present. Safety is somewhat of a stochastic environment that concerns

the occurrence of freak accidents and a safety manager will still need to be present to ensure that people

are complying wi th the program and give human intuition on safety concerns.

Al can also play a significant role in reducing construction costs. Intelligent systems were initially discovered

in the 1960s when Allen Newell, Herb Simon, and John McCarthy were questioning w  hat human -level
intelligence is [32]. The researchers broke down human -level intelligence into three pieces: perception,
deciding what to do, and then acting, today known as the decision loop [32]. Machine learning has
contributed to the decision portion of the loop; before machine learning became fashionable, humans
wrote the predictions of what happens next which was limited to decision making such as chess and instead

had computers observing historical data to predict what happens next through making artificial neural
networks [32]. The key here is that during the decision -making process, advanced intelligent systems can
accomplish planning by weighing possible sequences of acti  ons and finding the probability of the outcome.
Then the system chooses the most likely one and acts based on the choice, followed by the perception of a
new situation. Al poses the ability to reduce cost by giving inference on what potential outcomes are
possible and helping humans make decisions with less time by providing information faster than traditional
construction information gathering.

7. Conclusions

Every creature in the world is born with a Knowledge -Base, to use an Al term, that allows it to perform the
required functions it needs to be able to survive. What sets humans apart is their ability to simultaneously
use the different types of the knowled ge they already have and in unpredictable different ways to create
new knowledge that may be of a completely different nature that what they started out with. 1t may be this
ability that defines a large portion of what is referred to as intelligence, of w hich creativity, intuition, and, to
a certain extent, inspiration.
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Al offers powerful tools that can outperform humans in many areas of design and management, but so did
computers when they were first introduced to help in computationally heavy professio ns, such as
accounting, for example. The fact is that the advent of computers did not kill the need for accountants. To

the contrary, and although computers did take over the world of accounting, there may be more
accountants per capita in the US today t han there were 50 years ago. Moreover, computers created new
opportunities for computer savvy accountants to find rewarding careers in software development and
consulting while allowing practicing accountants to focus on the specifics of the information a t hand, rather
than on performing arithmetical operations.

Al will inevitably take over the construction industry by becoming more integrated into the software and
equipment that is being used by the industry and its related disciplines. Al will also mo st likely trigger a big
change in the way the industry conducts its business by introducing more automation and robotics and
affecting design methods and the means and methods of construction. Al may not end up reducing the
need for architects, engineers, and construction managers. Instead, these professionals of the industry
and others may see their roles and the way the perform their duties permanently changed to become
aligned with the new reality of an Al driven world. How this will play out will be an interesting thing to
witness but the industry will have to make a choice between riding the wave on the front or being dragged

by the tide.
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Abstract

Modern methods of construction buildings to improve the quality, reduce the time and cost, and increase
their productivity have always been desirable for architectural, civil and construction engineers. In the 21st
century, any evolution in technology was achieved with advancement in computer science. Building
information modeling is actually a simulated multidimensional model related to building geometry, spatial
relationships, ge ographic information, the amount and properties of all building components, and their
intelligent communication with each other. This technology is a new approach to building design,
implementation and management at the same time with great quality and coo rdination. Now days with the
advancements in digital architecture, prefabrication and all kinds of building design optimization, it can be
seen the growing use of building information modeling system in the construction industry. For this reason,
building information modeling can have a significant effect on pre -fabrication. Also, by examining the
building model, planning to install prefabricated components of the building and identifying executive
interfaces will also be present. This paper examines the ad vantages and disadvantages of building
information modeling, as well as the need for this type of software for the construction industry in the world

and Iran.

© 2020 The Authors. Published by Budapest Univerrgsstty of Techn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.
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1. Introduction

The modeling of bui Iding information: in the last decade, building information modeling (BIM) is noticed
significantly that points to the executive problems in building industry (ASHRAE,2009 & Eastman, 2011). The
modeling of building information includes real building inform ation and is not just two _dimensional drawn
plans of building that is drawn commonly by CAD software (Becerik -Gerber, 2009& Krygiel, 2008). The
complete description of BIM: a three dimensional simulated model consist of parametric elements that
every element has special detailed concepts and includes demanded information of architecture and
structure concepts and how they are made and its price and purchase and installation date, that
information is being implemented in model by all the project stakeholder s while model designing. This
model is demonstrated as a four, five and multi dimension model regard to the cost and time information.

This is a remarkable help for correct understanding of work by small contractors and is transferred the
expectation of de signers and engineers (Golabchi, 2016). these problems are associated with the relatively
slow adoption and integration of advanced information technologies and industrialization principles such

as mechanization, automation, robotics, standardization, modu larization, and information - driven
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construction. Prefabrication Housing Production (PHP), asan innovative solution in the construction
industry, uses the principles of industrialization in the lifecycle of construction projects, includingdesign,
manufactu ring, transportation, on -site assembly, maintenance, and deconstruction stages(Li et al.).

2. Generation

The prior reasons for BIM generation are the existence of several problems in traditional system of plan
presentation that its usage lead to fix these problems and the workability improvement in construction
process (NIBS, 2007). BIM process is not a progress or a development of work process, it is a fundamental
evolution in work infrastructure (Azhar et al, 2008a,2008b& Beck, 2011). For the first time, BIM was defined
l'i ke this: itAs a series of processes that includes
spaces and performances. The result of building information modeling, help practitioners from the first
stages of brainstorm in design to construction stages and at last the operation along whole the project
(Golabchi, 2016). National standard building information modeling forums NBIMS, defined BIM as: a
complex process in relationship of planning, designing, construction, perf ormance and facility management
through a standard information model that is readable by devices and new and old programs, that includes

all appropriate produced or collected information in relationship with that facilities in usable opportunities

from all stakeholders in the cycle of project (NBIMS, 2007). BIM concept in BIM handbook is this: new
modeling technology and the related series of processes for production, relationship and analyzing the
building models (Eastman, 2011& EASTMAN,2012). The BIM conc ept includes the infrastructure of IT devices
that integrates design into one. Also, supports the construction and building operation.

(Merschbrock, 2012) . BUM is itAs a series of processes

profiles to desc ribe spaces and performances. The result of building information modeling, help
practitioners from the first stages of brainstorm in design to the construction stages and at last operation
along whole the project. (Lloyd,2009& Golabchi,2016). the available  tools in BIM are divided to three
separated parts:

- 3D z Modelers
- Viewers/ surface modelers
- Analyzers

Three-di mensi on modeling: itAs a real tool for BUM t hat
imaginary in it through solid materials to b uild a structure.

t h

Vi ewers/ surface model er s: al | the aspects of project

financing provider may like to see how the building would be like and for this you just need to a superficial
modeling that all the 0 bjects are empty in it. The only thing that is defined, is in work surface and is used to
demonstrate the idea. This demonstrates the contracts in first stage and is so valuable.

i 4 ” _— Shop
Conventional BIM Modeling —» Coordination —» :
Drawing

Figurel. Design and coordination process of the conventional ~ method[37]

Analyzersnor mal ly itAs a supplementary software that plays

can receive information from three  -dimension model and estimates and analyzes the energy efficiency and
how to lightening in differents easons accomplished by so many things. While so many companies are active
in the BIM area and the production of software, like any industry each has a market share that as a sample,

the following chart demonstrates the download rate of BIM different compan ies in UK that Bently BIM Suite,
Vector works, IFC, Archi CAD, Revit are the main providers of BIM services (Bimtalk,2013). In figure 1 the
percentage of market share is presented by each BIM producer companies:
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Wectorworks
10%
ArchiCaD
18%
BIM suite
Bentley
10%

Revit 1';;
49%

Figure 2. The percentage of market share is presented by each BIM producer companies

Many researchers had identified the advantages ofapplying prefabrication (OST, 2001&, YH,1997). Seven
benefits of applyingprefabrication are used for conducting the survey: (i) frozen design at the early design
for better adoption of prefabrication; (ii) better supervision on improving the quality of prefabricated
products; (iii) reduce overall construction costs; (iv) shorten construction time; (v) environmental
performance improved for waste minimization; (vi) i  ntegrity on the building design and construction; and
(vii) aesthetic issues on the building.

3. Thereview of other co u nt r studissA

A study about building information modeling is done in developed countries in the field of building industry
in north America (Canada and America) and East Asia (South Korea, Hong Kong and japan). The following
cases can be understood:

3.1. Standardization

This study shows that many of countries like America and UK have stablished and passed required
standards in the field of BIM that makes it not only available as a method, but also makes it obligated in
some cases (Mc Graw Hill Construction, 2014).

Some available standards in the field of building information modeling, could be described as fallow:

The standard of architecture, engineering and construction industry: this standard made available a general
standard to use BIM and a separated standard for th e users of Revit and BIM Suite Bentley specially for AEC
UK based on BS 1192. This standard has been published in the early summer of 2012 (Hergunsel,2011&
Chair,2012).

American National Standards: BIM National Standard has been stablished by American Inte lligent Building
Association that the firs version of it was published in 2007 and from 2012, the second version of it was
published and the third version of it is being edited. This very great document looks useful and is used in
COBIE project (Han,2008& NBIMS,2007).

Hong Kong Standard: BIM Hong Kong Standard has described the BIM goals and detail levels. (HKIBIM,2007)

American Army Retirement Building and Facilities Management Standard: the department of the affairs of
American Army Retirement Building an d Facilities Management has been provided a complete BIM
guideline from the view of employer. This standard has been edited in 2010. (El Dado,2011& CFM,2010)

The executive program of the university of Pennsylvania: this program has been used as a foundatio n for
BIM programming. Now, the second version of this standard which has been published in 2010, is used.
(Engineering, P. S., 2010) the national guide for Australian digital modeling: this standard has been
published by cooperative research center forin  novation in construction in 2009. (Austoralia,2009& HKIBIM,
2007)
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New Zealand and Australian Revit standard: this standard has focused specially on Revit. The third version
of this standard has been available from 2012.

3.2. Thepublished articles around b uilding information

According to researches done with the end of 2015, The United States is remarkably pioneer compared to
other countries in the world in the production of scientific documents in the field of building information
modeling. This rate is 30 % of all articles. The Scandinavian countries with the rate of 17.59 totally have the
second rank in the production of science in this field in the world. (BuildingSMART, 2010, Carneiro, 2012).
This issue is combines by a chart in 2012 by Carneiro et al an d with further investigations by 2015 that has
been updated and this ranking has been correct yet. It should be said that this much difference, shown in

the following chart, can be due to differences in operating systems, more appreciation for new technolo ay,
the existence of universities and educational centers with special management tendencies and building
information modeling. presents the distribution of the 65 publications by the country/region and the
prefabrication production structures of these pub  lications. United States, Hong Kong, United Kingdom, and

Israel are the top four countries or regions, in terms of publications on BIM -PHP.
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Figure 3. The chart of published articles in the field of building information modeling in different countries (Carneiro, 2012)
At last, the overview of the theories and other studies of researchers is presented in table 1:
Table 1. The theories and other studies of researchers
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(Beck, 2011) * * * *
(Hergunsel, 2011) * * * * * *
(Radriguez, 2011) * * * * * *
(El Dado, 2011) * * * * * *
(Buiding Smart, 2010) * * * *
(Giel and Issa, 2010) * * *
Ashrai,2009) * * * * * *
Becerik Gerber and * * *
Rice,2009)
(Azhar, Hein and Sketo| * * * *
2009)
(Hardin,2009) * * * * *
(underwood and Isidog, 2009 * * * * * * *
(Han and Damaian, 2008) * * * *
(Herley,2008) * * *
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In the other view and according to the expressions and definitions of the building information modeling in
table 2 and 3, the probable advantages and disadvantages and the opportunities and threats of
implementation of building information modeling are presented in this analytical tables.

Table 2. The advantages and disadvantages of building information modeling

Weakpoints Strength points
Traditional work processes and low accepgaminew technologiey Increasing productivity and helping to get out of the recession i
in construction projects (mainly in third world countries) construction industry

Need to train employees and beneficiaries in contrad Decreasing the reworks and increasing the rate of pro
companies, consultants and employer agencies according to project delays

Definition of building information modeling in some of tl Facilitating the employer, contractor and consultamimunication
companies tht means 3 dimension design that was itself one 0] and making quick decisions in times of change.

obstacles to its serious applicatio®
Reduction of office work and routine correspondence

Ability to connect material vendors and suppliers to formulate
required supply chain program

Table 3. The opportunities and threats of using the building information modeling

Threats Opportunities

Lack of proper financial potential in the current situation Integrating information into constructioprojects to provide)
materials, financial estimates, and even at the macro level stra
The absence of binding rules for specific projects that serveg planning to build the related industries required to deliver accy
interests of companies in the direction of building informat| estimates and reduce delays will strengthen active constru
modeling. companies and reduce losses.

Lack of strict oversight of the implementation of construction la] Use of private sector in medium and large projects
assuming the enactment of supporting laws
Reduce the environmental impact of construction projects with
a lack of familiarity among executives and decision makers help of energy, light analysis, and help achieve high environm
policies.

Using building information modeling in some projects as a
display and comparing with 3D MAX ... The potential to emerge as a sigot for small companies
specialize in implementing this theme in projects.

Lack of strong communication infrastructure for wide wj
interactions (mainly in third world countries)

3.3. An overview of research in Iran and researchneeds

The study and investigation of building information modeling that has been done in Iran is in this way that
since late 2012 in Iran, building information modeling has been considered by researchers as a new field

for research. A number of qualitative studies are needed to disseminate relevant knowledge and
understanding of t he effects that can be said on building information modeling in most of the areas except
issues such as project delivery integration, maintenance, inter  -software information exchange and process
modification, Appropriate qualitative studies have been condu cted in Iran, and now needs practical
application with quantitative modeling and case studies to gain a deep understanding of the effects of
applying this technology to the various aspects of the construction industry, a research vacuum being
observed, and the only case that can attempt to implement building information modeling As a case study,

is 3D modeling of the Carson 4 bridge used after the design and construction of the technology, which did

not produce very tangible results and did not show the val  ue that could be attributed to the technology in
the project. Reasons for the construction industry's disapproval of the introduction of technology can be
known due to the current recession, the existence of experimental contractors and traditional constru ction,
the need to apply building information modeling technology to changes in rules, standards, working
methods, project communications, definitions of work processes based on new philosophies (such as lean
manufacturing) that without these changes itwo uld not be possible to implement them fully, and the effect
of building information modeling would be shown as a three -dimensional demonstration model of projects
(Underwood , 2009& Arianhasal, 2016).
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Arian Carmel and Majruhi Sardrood has evaluated and rese arched the impact of using this technology in
reducing pre -construction problems by investigating the pre -construction problems and taking into
account the unique features of building information modeling technology (Arianhasal, 2016).

3.4. Pre-construction

Prefabrication of building components as a degree of industrial manufacturing is a new method of
construction that is widely used today in developed countries, reducing construction costs due to the
mechanization of the manufacturing process, reducing th e manpower involved, significantly reduced
manufacturing time, increased quality and durability of structures due to factory -made components,
reduced consumables and thus less environmental degradation are industry characteristics. Most
importantly, the sy stem is environmentally friendly and uses Resources are also significant during
construction and productivity, and energy and space consumption, as well as pollution generation. It does

not exceed environmental capacity and considers intergenerational just ice (NBIMS,2007, Rodriguez, 2011
& Sacks,2012).

Prefabrication in building industry, design and Manufacturing of prefabricated and complex concrete and
metal structures, prefabricated walls, prefabricated electrical and mechanical equipment are examples of
applications of this technology. Qualitative and quantitative developments in housing construction and
appropriate living space are correlated with economic, social, and cultural developments in different
regions, and are not inseparable. In addition, tas te of art and technology, have been some of effective
elements in Qualitative and quantitative production of housing and according to papulation growth and
Increasing need for housing and immigration to the cities, deep and fundamental developments are
generated in this industry. In the meantime, a new construction method Entitled Pre -construction, quickly
established itself in the building industry and its scope has become so widespread that in some countries

it is now more than 70% of construction usingt his method.

3.5. Generation

Prefabrication in building industry has been considered named Prestressed Concrete in 1886 in United
State for the first time and its defects were eliminated after half a century. Although Prefabrication in
building industry beg an by Egyptian Pyramids, Roman and Greek temples and Sassanid and Achaemenid
palaces, but its industrial development has been after the industrial revolution and the invention of
concrete and steel and the emergence of new construction techniques. The firs t concrete and pre -
construction sites were established in the United Kingdom, from which the construction of schools by the
CLASP, SCOLLA and SEAC consortia can be noted. In general, the pre-construction development of the
construction industry in Europe a fter World War |l was the focus of reconstruction programs in the affected
areas. The use of this industry in some countries has been such that it has completely replaced the
traditional construction industry. Its years that this new method is used in Euro pean countries and
development countries and has strengthened its position by technical tests and acceptable experiences.
Prefabrication elements in addition to residential buildings, are used in the construction of industrial halls,
bridges and other stuf fs. Prefabricated construction industries and sophisticated systems create a
tremendous speed in the implementation of construction programs.
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Figure 4. The total view of building industrial strategy

With regard to the history of pre-construction in the building industry, it should be noted that building
production or domestic construction is carried out in two ways:traditional way.

3.6. Industrial method

The traditional construction includes common methods of construction in the c ountry in reinforced
concrete buildings that includes excavation and execution of foundations, columns, beams, ceilings,
molding and concrete casting that every stage, depended on different causes need too much time and
about buildings with steel frame, ex cavating and executing the foundation and setting up the skeleton and
welding, itself takes a long time.

In addition to the above issues, how to implement concrete and steel structures in the workshop has its

own problems. In concrete structures, the most  important issue is the construction of concrete and its
mixing design, and the manner in which concrete is poured and processed. In the case of steel frame, the
welding of joints is particularly important which is done by semi -skilled workers. Industrial m ethods in Iran
mainly consist of concrete structures and are discussed in three cases:

Avoiding Delays Due to Unfavorable Weather Conditions: Manufacturing of prefabricated parts is often
confined, making it possible to perform work in any adverse weather conditions, which is one of the reasons
for this type of construction in cold areas.

Increasing the speed of assembly on site: Although the production and manufacture of components using
new technologies accelerated the manufacturing and processing of con  crete, it can save more time on
assembly on site.

Before using BIM and demanded software, prefabricated elements are coordinated and fragmented
through CAD, that there is limitation in the complete imagination of the construction method of these 3
dimensio n structures, but after the appearance of BIM and the Software such as Tekla Structures that
enables it to configure loading, partial mapping, assembly, and even in the case of a steel structure, also
provides clipping program for the CNC machine. this pro  cedure has changed in general and can be said to
give high dynamics to the design and construction phases of these structures.

The prefabrication stages in building industry according BIM are as follows:

Total design of building by design team that is done like the common buildings and is sent for the
prefabricated specialists to provide the prefabricating plan.
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Then, the structural elements are divided to Fabricable pieces and portable, of course, with considering the
traffic restrictions.

Actually, th e structure that is prefabricated, is referred to design unit to make final decision and to provide
the instruments and demanded materials.

Prefabricated pieces are assembled and produced on the assembly line based on instructions usually
prepared accordin g to the project execution schedule

After manufacturing the pieces, they Prefabricated pieces are assembled and produced on the assembly
line based on instructions usually prepared according to the project execution schedule packaged and,
counted and named and posted to the site according to schedule

Parts are installed on site

The conceptual framework also echoes the concept of industry 4.0 (Akanmu, 2015& Yuan,2016) which is
considered as an emerging trend for achieving a timely interaction between the vir tual platform and the
physical environment through information technologies such as cyber -physical systems (CPS), the internet
of things, cloud computing and cognitive computing.

4. Conclusion

The building information modeling is one of the most promising developments in the construction industry.
Through this technology, one or several imaginary digital models are produced with high accurate and help

to the design process and the combination the BIM with prefabrication provides this special opportunity to

the contractors that prepare pre -fabrication methods including production and installation and equipment
needed before the beginning the project. Whole the executive team including the main contractors, small
contractors and builders in each production and installation section can work together in every part of
production and installation through the imaginary simulation of the manufacturing process to practice the
execution sequences (production and installation), locating production sites, depots, towers, elevators and
project site management and assessing the impact of their decisions prior to implementation.

5. References

[1] ASHRAE, An Introduction to Building Information Modeling (BIM), Atlanta: American Society of Heating Refrigerating and Air-
Conditioning Engineers, Inc. pp. 1319-1380, 2009.

[2] Eastman, C., Teicholz, P., Sacks, R., Liston, K.,. BIM Handbook, A guide to Building Information modeling for Owners, Managers,
Designers,Enginners and Contractor, New Jersey: John Wiley & Sons.

[3] Becerik-Gerber, B., & Rice, S. August 31. The Value of Building Information Modeling: Can We Measure the ROI of BIM. Retrieved
January 23, 2012, from AECbytes: http://aecbytes.com/viewpoint/2009/issue_47.html.

[4] Krygiel, E., Nies, B., Green BIM: Successful Sustainable Design with Building Information Modeling, Indiana: John Wiley & Sons.

[5] Mahmood Golabchi, Alireza Golabchi, Esmat Norzai, Kobra Faroni JafariBuilding Information Modeling, University of Tehran
Publications,, 2016.

[6] NIBS,2007, Introduction to: National BIM Standard Version 1, Part 1-Overview, Principles, & Methodologies. National Institute of
Building Science (NIBS), Facilities Information Council (FIC) National BIM Standard https://doi.org/10.1080/17452007.2012.659506

[7] Azhar, S., Hein, M., & Sketo, B. Building Information Modeling (BIM): Benefits,Risks and Challenges. Alabama: McWhorter School of
Building Sciences:Auburn University.2008.

[8] AZHAR, S., NADEEM, A., MOK, J. & LEUNG,B. Building Information Modeling (BIM): A new paradigm for visual interactive modeling
and simulation for construction projects. Proc., First International Conference on Construction in Developing Countries,, 2008. . pp
222-235.

[9] Beck, E. 2011. BIM Well With Others: The benefits of building information modeling are more promise than reality.. Retrieved January
23, from Architecture: The Magazine of The American Institute of Architects: http://www.architectmagazine.com/bim/bim-well-with-
others.aspx. 2012.

[10] NBIMS. National Building Information Modelling Standards: Overview. United States: National Institute of Building Science., 2007.
https://doi.org/10.1016/j.autcon.2008.10.003

[11] MCGraw Hill Construction, Business Value of BIM for Construction in Major Global Markets. In: Business Value of BIM for
Construction in Major Global Markets. s.l.:MCgraw Hill, 2014.

[12] Merschbrock, C., Munkvold, B.EA Research Review on Building Information Modeling in Construction-An Area Ripe for IS Research.
Communications of the Association for Information Systems: Vol. 31, Article 10, Available at: . 2012,
http://aisel.aisnet.org/cais/vol31/iss1/10.

[13] Giel, B., & Issa, R. R, Quantitative Benefits of Building Information Modeling Measured in Construction. Leicestershire: Loughborough
University. 2010.

[14] EASTMAN, C., JEONG, Y.-S., SACKS, R. & KANER, |, Exchange model and exchange object concepts for implementation of national
BIM standards. Journal of Computing in Civil Engineering, 2112. 22, .32-25. https://doi.org/10.1061/ASCE0887-3801201024:125

Creative Construction Technology and Materials 9


https://e-2019.creative-construction-conference.com/proceedings/
http://aecbytes.com/viewpoint/2009/issue_47.html
https://doi.org/10.1080/17452007.2012.659506
http://www.architectmagazine.com/bim/bim-well-with-others.aspx
http://www.architectmagazine.com/bim/bim-well-with-others.aspx
https://doi.org/10.1016/j.autcon.2008.10.003
http://aisel.aisnet.org/cais/vol31/iss1/10

Proceedings of the Creative Constructic@enference (220) 011
Available online a¢-2020.creativeconstructionconference.com/proceedings/

[15] Merschbrock, C., Munkvold, B.E., A Research Review on Building Information Modeling in Construction-An Area Ripe for IS
Research. Communications of the Association for Information Systems: Vol. 31, Article 10,, 2012. Available at:
http://aisel.aisnet.org/cais/vol31/iss1/10.

[16] Bimtalk, 2013. software_applications-B1 MTal k. NBS ©6Nati onal BIM Library. ,,2009 . Avai
http://bimtalk.co.uk/software_applications [Accessed November 26, 2015].

[17] Mc Graw Hill Construction,.the business value of BIM for construction in major global markets, 2014.

[18] Hergunsel, M. Benefits of Building Information Modeling for Construction Managers, Worcester Polytechnic Institute., 2011.
https://digitalcommons.wpi.edu/etd-these.

[19] Chair, A... A unified standard for the Architectural, Engineering and Construction industry in the UK., 2012.

[20] Han, Y., & Damian, P. Benefits and Barriers of Building Information Modelling. United Kingdom: Department of Civil and Building
Engineering, Loughborough University, 2008. :https://dspace.lboro.ac.uk/2134/23773.

[21] Hardin, B. BIM and Construction Management: Proven Tools, Methods and Workflows. Indiana: Wiley Publishing Inc,, 2009.

[22] Hurley, A. K,November 11. Technology: Side Benefits of BIM. Retrieved January 23, 2012, from Architect - The Magazine of The
American Institute of Architects: http://www.architectmagazine.com/bim/side-benefits-of-bim.aspx, . 2008.

[23] El Dado, F. Building Information Modeling: Benefits, Obstacles, Adoption. LAP LAMBERT Academic Publishing,, 2011.

[24] CFM, T.U.D. 0. V. A. (. O.0.C. & F. M., The VA BIM Guided Building Information Lifecycle Vision,, 2010.

[25] Engineering, P. S BIM Project Execution Planning Guide. [Online] Available at: http://bim.psu.edu/Project/resources/default.aspx, .,
2010.

[26] Austoralia, N. G. f. D. M. National Guidelines for Digital Modelling. ., 2009. [Online] Available at: http://www.construction-
innovation.info/images/pdfs/BIM_Guidelines_Book_191109_lores.pdf

[27] BuildingSMART. Investors Report - Building Information Modelling (BIM). UK, 2010.

[28] Carneiro, T. M., et al. Spread of BIM: a comparative analysis of scientific production in brazil and abroad, Annual Conference of the
International Group for Lean Construction, 2012. http://www.repositorio.ufc.br/handle/riufc/5812

[29] Underwood, J., & Isikdag, U,Handbook of Research on Building Information Modeling and Construction Informatics. Information
Science Publishing, . 2009.

[30] Siamak Arianhasal, Javad Marjouhi Sardrood, 2016. The Impact of Building Information Modeling on Reducing Pre-Construction
Problems, First Conference and Third National Conference on Construction Management, Tehran, Iran. NCCPM03_188

[31] (NBIMS), 2007. Alan Edgar, Assoc. AlA, Chair, National BIM Standard Executive Committee,.

[32] Rodriguez, J. Building Information Modeling (BIM) Benefits. Retrieved January 23, 2012, from About.com Construction:
http://construction.about.com/od/Technology/a/2011.,Building-Information-Modeling

[33] Sacks, R., Partouche, R. Empire State Building Project: Archetype of Mass Construction, Journal of Construction Engineering and
Management, ., 2010, p. 7021 710, https://doi.org/10.1061/(ASCE)C0.1943-7862.0000162

[34] X.Li, G.Q. Shen, P. Wu, H. Fan, H. Wu, Y. Teng, RBL-PHP. simulation of lean construction and information technologies for
prefabrication housing production, J. Manag. Eng. 34 (2) 04017053, ,2017, https://doi.org/10.1061/(ASCE)ME.1943-5479.0000577.

[35] I.J. Ramaji, A.M. Memari. Product architecture model for multistory modular buildings, J. Constr. Eng. Manag. 142 (10) 04016047,
2016, https://doi.org/10.1061/(ASCE)C0.1943-7862.0001159.

[36] Akanmu, C.J. Anumba. Cyber-physical systems integration of building informationmodels and the physical construction, Eng. Constr.
Archit. Manag. 22 (5) (2015) 5161 535, https://doi.org/10.1108/ECAM-07--0097.

[37] X. Yuan, C.J. Anumba, M.K. Parfitt. Cyber-physical systems for temporary structure monitoring,, 2016,Autom. Constr. 66 1i 14,
https://doi.org/10.1016/j.autcon. 2016.02.005.

[38] F.H. Abanda, J.H.M. Tah, F.K.T. Cheung, BIM in off-site manufacturing for buildings, J. Build. Eng. 14 (2017) 89i 102,
https://doi.org/10.1016/j.jobe.2017.10.002

[39] Ho OST. Construction waste managementé a contractords perspective. T,2@01 Buly,Bgll.Kong | nsti

[40] Ting YH. The economic implications of subcontracting practice on building prefabrication. Automation in Construction;, 1997,6(3):163i
74. https://doi.org/10.1016/S0926-5805(97)00001-0

Creative Construction Technology and Materials 10


https://e-2019.creative-construction-conference.com/proceedings/
http://aisel.aisnet.org/cais/vol31/iss1/10
http://www.architectmagazine.com/bim/side-benefits-of-bim.aspx
http://bim.psu.edu/Project/resources/default.aspx
http://www.construction-innovation.info/images/pdfs/BIM_Guidelines_Book_191109_lores.pdf
http://www.construction-innovation.info/images/pdfs/BIM_Guidelines_Book_191109_lores.pdf
http://construction.about.com/od/Technology/a/2011.,Building-Information-Modeling
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000162
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000577
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001159
https://doi.org/10.1016/j.autcon.%202016.02.005
https://doi.org/10.1016/j.jobe.2017.10.002
https://doi.org/10.1016/S0926-5805(97)00001-0

CCC 2020

Proceedings of the Cre ative Construction e -Conference (20 20) 012
Edited by: Miroslaw J. Skibniewski & Miklos Hajdu

https://doi.org/10.3311/CCC2020 -012

Modular Construction vs. Traditional Construction:
Advantages and Limitations: A Comparative Study

Karthik Subramanya !, Sharareh Kermanshachi 2 and Behzad Rouhanizadeh 3

1 Department of Civil Engineering, University of Texas at Arlington, Arlington, USA,
karthik.subramanya@mavs.uta.edu

2 Department of Civil Engineering, University of Texas at Arlington, Arlington, USA,
sharareh.kermanshachi@uta.edu

3 Department of Civil Engineering, University of Texas at Arlington, Arlington, USA,
behzad.rouhanizadeh@mavs.uta.edu

Abstract

Modular construction is a novel technique that has several advantages over traditional construction
methods; however, along with the benefits, there are limitations that make it challenging. Various aspects

of modular construction need to be studied in  -depth to improve the construction process, and the aim of
this study was to accomplish that by investigating its advantages and limitations and comparing them with
traditional construction. The advantages were identified through a thorough literature review, and were
classified into five categories: project schedule, project cost, labor safety, project quality and productivity,
and environmental. The limitations were also investigated through the existing literature and classified into
five categories: project planning, transportation, public and expert acceptance, es tablishment cost and cost
due to complexity, and coordination. The results revealed that the advantages of modular construction
outnumber its limitations; however, further technological development and research would lessen or
mitigate the challenges. The results of this study highlight the main benefits and challenges associated with
modular construction and will help project stakeholders choose between this method and conventional
construction methods for their projects.

© 2020 The Aut ho r wapesPUnipdrsityofiTectinolbgy an®Economics & Diamond Congress Ltd
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.
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1. Introduction

The Construction Undustry Unstitut e (thedsdofoffsite tonstruetion nes
(including a segregated area onsite) and includes all work that represents substantial offsite construction and

assembly of components and areas of the finished projectj Umpl ement ati on of modul ar
notably increased throughout the past several decades [1]. Projects improve in several areas, such as cost,

schedule, safety, etc. when this method is prope rly utilized. The experts broadly accept that modularization

will lead to significantly enhanced productivity in the construction industry in the next 20 years [3];

nonetheless, several challenges and barriers to proper implementation limit its use in some cases [4].

During the past few decades, researchers have studied different aspects of modular construction. Pasquire
and Gibb [5] studied the advantages and challenges of off  -site production of construction components and
revealed that experience plays th e most important role in deciding whether to use modular or traditional
construction. Song et al. [6] developed a tool with which the decision makers could evaluate the feasibility

of modularization in their projects. Choi [7] investigated the relationship between the factors that may
impact the success of a modular construction project and the project productivity and indicated that there
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is a reasonable correlation between them. OAConnor et
a time cons traint, modularization can be a useful method for completing the project in the allotted time.

The most important challenges pertained to delays in the assembly of the components, overproduction,

and long lead times.

Despite the fact that several researches have focused on different aspects of modular construction, few
studies have compared the cha racteristics of traditional and modular construction to provide a guideline

for deciding which method is best for a specific project. This study aims to identify the advantages and
disadvantages of modular construction and compare them with those of tradit ional construction in a
descriptive manner. The outputs of this research point will assist stakeholders in whether to use traditional

or modular construction methods for a project.

2. Methodology

Relevant documents of different types were collected from th e existing literature. The documents were
obtained from four main databases: Google Scholar, ResearchGate, Scopus, and Science Direct. Keywords
such as modularization, modular homes, modular vs traditional, prefab construction, off -site
manufacturing, and others were used to explore various search engines. The content of the collected
documents was analyzed with regard to title of the journal, nature of the study, year of research, need for
modular construction, identification of factors contributing to the project success/failure, and data
collection practices. The advantages associated with the implementation of the modular method of
construction were identified and classified into categories of project schedule, project cost, labor safety,
project quality and productivity, and environmental. The limitations of modularization in construction were
identified and classified into categories of project planning, transportation, public and expert acceptance,
establishment cost and cost due to complexity, and coo  rdination.

3. Content a nalysis

The content of the documents used in this study was analyzed according to (1) title of the journal, (2) data
collection practices, (3) research objectives, (4) year of research, and (5) need for modular construction. In
the following, all of the content analysis stages are described.

3.1. Title of thejournal

Over 80 journal articles, conference papers, dissertations, and research reports were examined.
Approximately 50% of the documents were journal articles, followed by conf erence papers, guidebooks,
dissertations, and project reports. Table 1 shows the list of journals and the number of collected articles
from each.

Table 1. List of journals and the number of collected articles from each

Journal Title Frequency Percentage
Journal of Construction Engineering and Management 8 12
Journal of Cleaner Production 3 5
Journal of Management in Engineering 3 5
Project Management Journal 3 5
Journal of Engineering, Design and Technology. 3 5
Automation in Construction 2 3
Procedia Engineering 2 3
Journal of Injury Control and Safety Promotion 2 3
Journal of Architectural Engineering 2 3
Other Journals and papers 34 55

Total 62 100

Distribution of studied literature based on data collection method
(Combination means that the paper has used more than one methodology for writing. For example,
Interview and questionnaire, literature review and case study, etc.)
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3.2. Data collection practices

Figure 1 shows the distribution of the studied liter  ature, based on data collection method used. As is shown

in the figure, the data collection method most often used (48%) was exclusively from a literature review.
Twenty -one percent (21%) of the data was from case studies, 9% was from surveys, and the re  maining 22%
combined the three methods to collect data.

3.3. Research djectives

Figure 2 illustrates the distribution of the studied documents according to their objective. Sixty -two percent
(62%) of the studied literature focused on determining the adv  antages and promoted the wide use of
modular construction. Eighteen percent (18%) of the documents concentrated on finding and discussing

the limitations, and twenty percent (20%) of them examined both the advantages and limitations and
suggested further r esearch due to unavailability of data.

Limitations Ad
vantages

62%

18%

Figure 2. Distribution of documents according to their objective

3.4. Year of study

As shown in Figure 3, the number of journal articles published on the advantages of modular construction
from 1995 to 2020 increased exponentially, which conveys that the need for modular housing has become
more critical during the past two decades. Between 2015 and 2020, 36 journal articles were published on
this topic, which was the highest number of studies among all five  -year targeted intervals.

22
12
- B
0

1995-2000 2000-2005 2005-2010 2010-1015 2015-2020

Frequency of publications
~
s

W Year of study

Figure 3. Distribution of publications on modular house based on year and frequency

3.5. Need for modular construction

After a careful review of the journal articles, it was found that two key factors influence the need for modular
construction: (1) population growth, and (2) a high rate of deaths resulting from construction work.

3.5.1 Population growth and need for affordable housing

Data provided by the U.S. Census projects that the population in the United States is expec  ted to grow from
300 million people today to over 350 million people by the end of 2025. Based on the average household
(2.59 people per household), 19.3 million homes will be needed to accommodate the extra 50 million
people. Many studies indicate that ur banization is influenced by housing factors [13]. Cities are not growing
proportionately with the economy, and there is a gap between the upper and lower classes. This division
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can be addressed with proper housing for every class of people, which includes living in an environment
that is healthy, affordable, and feasible [14]. Based on a survey in 2005, every third person in cities live in
inconvenient and unsanitary conditions [15].

3.5.2 High rate of deaths in traditional construction

The construction ind ustry has a higher rate of death than all of other sectors of work. In the U.S, nearly 20%
of deaths result from the construction sector (OSHA). Klakegg [16] espoused that construction jobs at off -
site plants are safer than on -site operations, as the major ity of accidents occur on the construction
premises. All of the information available in the Safety Hazards to Workers in Modular Home Construction
video pertains to residential construction and does not differentiate between modular and mobile homes
[17]. With the same deficiencies in data, [14] the Occupational Safety and Health Administration database
contains reports of 125 accidents related to modular building construction, most of which occurred during
installation processes and were caused by falls f rom roofs [16]. It is estimated that 80% fewer accidents
occur from modular construction than from traditional construction [16]. Responses from a survey
conducted by Becker [18] showed that 50% of the responders believed that modularization is safer than
traditional construction.

4. Advantages and limitations of m  odular construction

Modular construction has several advantages and disadvantages that need to be considered while using
this method [19]. Many of the advantages are related to improvements in cos ts, schedules, safety, quality,
productivity, environmental performance, etc. [20], while the disadvantages are associated with project
planning, transportation and site limitations, initiation costs, lack of knowledge, etc. [10]. These
considerations are discussed in the following, based upon information derived from the literature.

4.1. Advantages

The advantages of modularization and the sources of the information are summarized in Table 2 and
discussed in the following. In general, by carefully implement  ing modular construction methods, there are
several advantages in broad areas such as quality, labor, cost, speed of construction, and environmental
impacts.

Table 2. List of the advantages of modularization in construction and the sources of information

Advantage Source(s)
Speedy [10]; [19]; [20]; [21]; [22]
Cost effective [2];[23]; [24]; [25]; [26]; [27]
Highly Safe [28], [29], [30], [31], [32]
Highly Productive [33]; [34]; [35]
Environmentally Friendly [21]; [36]; [37]; [38]; [39]; [40]

Speedy: Two Important benefits of the modularization method for construction are that several activities

can be performed simultaneously [21], and weather conditions have little effect on the schedule [19]. As a
result, the time required to complete a modu lar construction project is usually 40% less than that of
traditional construction methods [19], which can be very important for projects with a need for a quick
turnaround [41], such as such as post -disaster reconstruction of infrastructures, hospitals, e  tc. [42]. Ramaiji
and Memari [20] indicated that the complexity of a project considerably affects the time -saving feature of
modularization, due to the increased need for communication and on -site work [22].

Cost Effectiveness : Cll [2] revealed that a 10% -25% decrease in the construction cost of projects is expected
when modularization is implemented. Several factors contribute to the lower cost [15,16], such as reduced
material transportation for on -site labor [17], the highly efficient installation of cons  truction components
produced off -site, and the lack of vulnerability to weather extremes [18]. Cartwright [19] emphasized that
modular construction leads to lower costs because the design procedure is standardized and requires less
time and engineering tha n the traditional design process.
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Highly Safe: Working on -site often involves activities that threaten the safety of the workers [28,43], and

the increasing number of fatalities and non -fatal injuries have led many researchers to look for solutions
[29]. Several studies have investigated the effects of modularization on the safety of the laborers and
revealed that it results in a significant decrease in the number of safety problems [30]. The rate of accidents
occurring in construction projects reduces by 8 0% when the modular construction method is used [31].
Even though modularization usually decreases the rate of injuries at job sites, safety frameworks need to

be established for this method as well [31]. Thus, the Occupational Safety and Health Administra tion
(OSHA), which monitors the on -site injuries in the U.S., provided requirements for the safety of the laborers
who work on projects that implement modular construction [32].

Highly Productive : The production of prefabricated components for modular cons truction is tightly
controlled and mostly automated [33]. The laborers who produce the components are skillful if for no other
reason than they repeatedly perform the same procedure [44, 45]. In addition, the components are not
subjected to weather conditi ons that might affect the quality of the materials [34]. In summary, the modular
products have the potential to be of higher quality, less expensive, and produced in higher quantities in a
smaller time period than those produced at the construction site [3 5].

Environmentally Friendly : The amount of waste generated by traditional construction methods has always

been an environmental challenge for project managers and stakeholders [36]. Modular construction
generates less waste than traditional construction  [21], the products are easy to reuse and recycle, the
waste is easy to dispose of [38], the components may
produce on -site dust, greenhouse gases, or noise ]40], etc. Thus, modular construction is a su fficient
solution to the need for reducing the volume of waste [36,37].

4.2. Limitations

The limitations of modularization in construction and the sources of the information are summarized in
Table 3 and discussed in the following.

Table 3. List of the limitations of modularization in construction and the sources

Limitation Source(s)

Required Accurate Planning [46]; [47];[48]

Transportation Challenges [46]; [49]; [50]

Negative Public and Expert Perception [51]; [52]

Establishment Cost and Cost Due to Complexity [4]; [19]; [10]; [51]; [53]

Excessive Coordination Needed [54]; [55]
Require Accurate Planning: OAConnor et al . [ 46] indicated that t he
construction differs approximately 37% from the project planning of conventional construction. The
differences might include the overall planning, cost estimation, scoping, design, etc. [46], which lead to
considerable limitations. In addition, the planning process is especially challenging because of the compl ex

components that have to be produced and assembled during the prefabrication process [47]. Thus,
accurate planning with explicit scope and design details is required prior to the start of the project [48].

Transportation Challenges: An adequate number of vehicles is required to deliver the manufactured
components to the jobsite for modular construction [49]. Oversized components need specific
transportation considerations and cause delays, incur extra costs, and add complexity to the construction
process [50]. The transportation limitations of modular construction are barriers to the timeliness and cost
effectiveness of such projects [46].

Negative Public and Expert Perception:  Overall, the concept of modular construction is viewed negatively
by the public and even some of the construction experts [51]. This will have to change before it is widely
used, and for this change to occur, the public will need to be made aware of its positive aspects [52].
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Establishment Cost and Cost Due to Complexity : Even though the cost of construction is less for an off -site
construction method, it requires the establishment of a fabrication plant [19]. Therefore, in areas where

the labor and other requirements for traditional construction cost less than establishing a manufact uring
plant for modular construction, on -site construction is more popular with the project stakeholders [51].
Modular construction requires suppliers, contractors, designers, and engineers who are experienced in and
knowledgeable about prefabricated const ruction [4], and the lack of such experts is a considerable
constraint to implementing this method [19]. Since many financial documents cannot be accessed, some
researchers have expressed doubts about the positive impact of modularization on the cost of th e
construction projects [53]. For example, Kamali and Hewage [10] espoused that since modular construction

is a relatively new and complex construction method, a wide range of studies need to be conducted to
determine the costs. In addition, the modulariza tion process needs to be monitored appropriately to
correlate the timesaving factors with cost effectiveness.

Excessive Coordination Needed : In any construction project, establishing coordination and transitioning
from one stage of construction to the next  is key to completing the project on schedule and cost effectively
[56,57,58,59,60,61]. Presumably, since the procedure in modular construction is different, the need for
coordination will be a greater challenge [54, 55].

5. Discussion

Among the five major advantages of modular construction over traditional construction, the cost and
schedule, which determine the productivity of a project [61], are interrelated. Saving time in construction
activities equates to reducing the cost of the project [10]. Some as  pects of these factors, however, such as
the cost of materials, which is estimated to be lower than those used in traditional construction because
they can be bought in bulk, independently impact modular construction [2,62,63]. Another example is the
time that is required to design a modular project, which is significantly less than for traditional construction,
because the designs are typically used for multiple similar projects [46, 64].

Safety is of high importance in any construction project, and data shows that modular construction is safer
than traditional construction methods [65]. Much of the improved safety is due to the reduced
environmental hazards in off -site manufacturing [2]. The safe and less hazardous environment also
enhances productivity a nd the quality of the products [54].

The planning, cost estimation, scoping, and design in modular construction are different from those of
traditional construction and have their own challenges and limitations that are likely to affect the whole
planning process [47, 66]. In addition, the prefabricated components need special consideration when
being delivered to the jobsite, which can affect the timeliness and cost effectiveness of a project [48]. In
traditional construction, however, such challenges are  not observed [67]. The probable extra costs incurred
by using modular construction are the initial setup cost, lack of available skilled workers, and the complexity

of the process [4,68]. The general disagreement about modularization [69] and the difficult ies of
coordinating the staff remain as impediments to this method being used more broadly. In summary,
according to the studied literature on modular construction, although there have been improvements in
several of the features of this technique, there  are still opportunities for more [25,69].
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6. Conclusion

Various aspects of modular construction technique were investigated in this study, and the positive and
negative features were discussed as advantages and limitations. The major advantages discussed included
project schedules, project costs, safety of the laborers, project quality and productivity, and environmental.

The major limitations included project planning, transportation, public and expert acceptance,
establishment cost and cost due to compl exity, and coordination.

The results revealed that although modular construction has more advantages than limitations, further
research is needed to mitigate or eliminate the challenges. The outputs of this study will be of benefit to
project stakeholders who are trying to decide whether to use modular or traditional construction methods
for their projects.

7. References

1] Choi, J.O., Chen, X. B., & Kim, T. W AOpportunities and ondial | eng
journal of construction management, 19(2), 93-105, 2019. https://doi.org/10. 1080/15623599 2017.1382093

[2] Construction Industry Institute (CII). ATransforming moduwloAr cons
shipbuildingpr oducti on processes to constructiono, 2011

[3] National Research Council. fAAdvancing the competitiveness and effi
Press, 2009

[4] Enshassi, M. S., Walbridge, S., IWVeasagemenlframeSvork for&lerbhaeabssed ntigatioh. Al nt e
strategy decision support in modular construction projectso. Jour

https://doi.org/10.1061/(asce)me.1943-5479.0000698

[5] Pasquire CL, Gi bb AGF. AConsiderations for-assseenddiyng nt lreo nlsd mafcitti o

Finance Manage Prop Constr. 7(3):10., 2002
[6] Song J, Fagerlund WR, Haas CT, Tat um CB, Vanegas JA. AiConsidering prework on i
Engineering Management. 131(6):723i 733, 2005. https://doi.org/10.1061/(asce)0733-9364(2005)131:6(723)

[7] Choi , J. O. ALinks between modul arization <critical successThef actor

University of Texas at Austin, 2014

[B] 06 Connor JT, O6Brien W), Choi J.O. nSmanparmaitzadti donusnhrmat edy Clomrs t

Management. 141(9):4015026, 2015. https://doi.org/10.1061/(asce)c0.1943-7862.0001001

[ M. Arif and Charles Eglu.comMdakiurcg i @ncasne Cthdomadf f Eintgi neering Constr

17(6):536-548, 2010. https://doi.org/10.1108/09699981011090170

[10) Kamal i, M., & Hewage, K. fADevel op meéatnevaluatibn opmrodularoersusconeeatiomalrconstractiona f or
met hodsodo. Journal 442, 3592-8686n 20d7. hitpsd/dbiog/L0.1616/}.jclepro.2016.10.108

[11] Arashpour M, R Wakefield, E. W. MAndlysieaf intdRactivg ukcer@imtesin on-bite &d dffesites e i ni . fi
activities: I mpl i cat ilotermmtiordalJourndl gf BProjectdMamagement 34(id),c2016.0 n 0 .

http://doi.org/10.1016/j.ijproman.2016.02.004

[12] Joseph Neelamkavi. i Aut omati on in prefab and mbidenat@ral sympasiant an automationrandi ndust ry o

robotics in construction, 2009. https://doi.org/10.22260/isarc2009/0018

[13] Ahmed W. A Hammad, A MACoNmadsbneoflMixedDnteBee Brografiming Models for the Construction Site Layout
P r o b | 3md énternational Symposium on Automation and Robotics in Construction and Mining, 2016.
http://doi.org/10.22260/ISARC2015/0109

[14] Elena M.Generalova, Viktor P.Generalov, Anna A.Kuznetsova. fAModul ar Buil dings in Modern Constr uct

Volume 153, 2016. https://doi.org/10.1016/j.proeng.2016.08.098
[15] 3 Goul ding, F P Rahi mNew offsite pModéction dnd Bdsineds madélsain cpnstrudtion: priorities for the future
resear ch Asltecturdl&gineering and Design Management 11(3), 2014. https://doi.org/10.1080/17452007.2014.891501

[16] KI akegg, O. fAModern Construction Managemento. Co#dAZl7,20xti on Manageme

https://doi.org/10.1080/01446193.2013.867519

[17] Salama T, Salah, A, Moselhi, O.andAFHussei n, M. f@ANear optimum selection of module co

constructionodo. Aut omat i320n2017.Mttps:/ai.erd/10.U0E6/j.autcon,201BE.008 3 1 6
[18) Becker, Paul & Fullen, Mark & Takacs, Brandon. fASafety Hazards to

[199 Ferdous, W., Bai, Y., Ngo, T. D., Manal o, Aopportuitiede mudtiistorey medulari Ne w  a

buildingsi A state-of-the-ar t revi ewo. Engi ne e+893,¢19. 8ttps://da.drgil0. H0$6/j.endsBuBt,201B.(R.B61
[200 Ramaj i, . J., & Memari, A. M. il nt er pr ertBévdto enginkering ramalysis onformatisnc h a n g
transformationso. Journal of Co mptps:/idoi.grg/1L0.00610asee)jcp.1943/487.00@0890 i ng, 30 (
[21]] KawecKki , lonmeral perfoinanea of modular fabrication: calculating the carbon footprint of energy used in the construction of
a modul ar homeo. PhD thesis, Arizona State University, 2010

[22] Ramaj i , | J., & Memari, A. M. fi | nf olicatioe tomolths teoxrcyh ammogdeu | satra nrdeasriddi eznattii

AEI 2015 (pp. 13-24), 2015. https://doi.org/10.1061/9780784479070.002

[23] Kozl ovsk§, M., Kal ej a, P., & Strukov§g, Z. ASustainabl e comalstructi

Research 10(41), 231-234, Trans Tech Publications Ltd, 2014. https://doi.org/10.4028/www.scientific.net/amr.1041.231

[24) Navaratnam, S., Ngo, T., Gunawardena, T., & Henderson, D.seddher f or m.
inAustral i ao. Buil di ngs, 9(2), 38. 2014. https://doi.org/10.3390/ bui
[25] Choi , J. O., Oo6Connor , J. T. & Ki m, T. W. ARecipes for cest and

comparative analysiso. deering andi WManagdmeng 04{2(30:) 201& httpso/doi.oEyA@1i061/(asce)co0.1943-
7862.0001171

[26] Austin,R.B.,Pishdad-Bozorgi , P., & de | a Garza, J. M. #dAldentifying and prior|

of Construction Engineering and Management, 142(2), 2016. https://doi.org/10. 1061/(asce)co 1943-7862.0001061
[27] Cart wright, J. T. AZoning and designing for dowdStatedJaiteisity,i2@ly usi ng
[28] Golabchi, A., Han, S., Seo, J., Lee, S., & Al-Hussein, M. "An Automated Biomechanical Simulation Approach to Ergonomic Job Analysis
for Workplace Design." Journal of Construction Engineering and Management,2015. http://doi.org/10.1061/(ASCE)C0O.1943-
7862.0000998, 04015020.

Creative Construction Technology and Materials 17


http://e-2020.creative-construction-conference.com/proceedings/
https://doi.org/10.1061/(asce)me.1943-5479.0000698
https://doi.org/10.1061/(asce)0733-9364(2005)131:6(723)
https://doi.org/10.1061/(asce)co.1943-7862.0001001
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1108%2F09699981011090170?_sg%5B0%5D=rVgbSRP5oqw_bqvzZX2zZ8aFylglF6Z8J0O-45-8h9ujh7hsVN6v68xgEGOWJGRjkcY3NS-YRliWI369wd4pCjqgBg.pS7KCSlVo8EbCsogjCdpjfUml-02rtBsmgpOKHvVMuZSubuEz9yST5-79Zb3GUcKGWCeV1T13qVIluNaKpWB3w
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.ijproman.2016.02.004?_sg%5B0%5D=KIgKpT4OQouPQiVUIyfsO-TMmaSdZn1ICgIJmsyIkKGl1CVv8f1cNGizmEm-71WqQstXmtixxiz3pvOY4fPLXj_dtQ.soXOkxg5k1zU-8j4hRzk-SQLP_2vsGAabwG1poZqcL9OEMc3iajGzCrV9EkM5iJeFEe1ZsYSNZybug9Rwxij-g
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.22260%2FISARC2015%2F0109?_sg%5B0%5D=XWtZH5oQZctsCaV0Yxdtrxhu4HuGAAtHP8Dfcy9SkqrUweBye9IVX3MAltoZW2rLOG0fRB4aW5wcbpmx2Qjsw_sQ9A.XTThb4iUoFinp17tGcbRURJQ8BHkYIqudZRINReB12VBgldG5U8FjzcViySGIe7T8U3n7PFeJU0wfjmwn4tWhg
https://www.sciencedirect.com/science/article/pii/S1877705816322457#!
https://www.sciencedirect.com/science/article/pii/S1877705816322457#!
https://www.sciencedirect.com/science/article/pii/S1877705816322457#!
https://doi.org/10.1016/j.proeng.2016.08.098
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1080%2F17452007.2014.891501?_sg%5B0%5D=-1Q_EjXXdqxsu1LxOr9fd8E9V6DCAm7WdWTXWHEoiNhcrFe_HIL9whzoQw5vcUlMSf5Dh9r6rSrKloE48219r2DPGg.FOwm1sNz8t-vVCfVIVjFqc1Tbd-qBdBTsQnvGJeOb3bTdJObEmXcNv0AOlU0uIpRE_8Mbap1u4C6hq6lROEd3w
https://doi.org/10.1061/(asce)cp.1943-5487.0000591
https://doi.org/10.1061/(asce)co.1943-7862.0001061
http://doi.org/10.1061/(ASCE)CO.1943-7862.0000998
http://doi.org/10.1061/(ASCE)CO.1943-7862.0000998

[29]

(30]
(31]
[32]
(33]
(34]
[35]
(36]
[37]
(38]

[39]

[40]
[41]
[42]
[43]

[44]

[45]
[46]
[47]
[48]

[49]

[50]
[51]
[52]
(53]
[54]
[55]
[56]
[57]
[58]

[59]

[60]

[61]

[62]
[63]

[64]

Proceedings of the Creative Constructic@enference (220) 012
Available online a¢-2020.creativeconstructionconference.com/proceedings/

Li, X., Ha n ,-HuSsein, M.GHI-Ri dvh ,, M. 0 3 Bbased esganarhid riskeasséssnrent and work modification

framework anditsv al i dati on for a Il ifting tasko. Journal of Construction Er
https://doi.org/10.1061/(asce)c0.1943-7862.0001412

Ahn,S.,,Han,S.,,&Al-Hu s s ei n,ower i Rteicme analysis of back muscle fatigue in pan
Modular and Offsite Construction (MOC) Summit Proceedings, 1(1), 2016. https://doi.org/10.29173/mocs28

Pefaloza, G. A., For mo s o lienc€skillsTused by &ontSimeworkers fo astemblé\precatRanardte structures:

an exploratory st udy5bi4), 2543 20&7nhttps://dGi@mg/$0t1590/$1678-86212017000400183

U.S. Department of Labor . fiHaetnalsiutmymaarn de scdoat aRsettrrapelvee di fwreosnt i gat
https://www.osha. gov/pls/imis/accidentsearch.html, 2014

Jiang, L., Li, 2zZ., Li, L., & Gao, Y. fAConstraints onlO)28l6R01& mot i on
https://doi.org/10.3390/su10072516

Cameron, P. J., & Di Carl o, N. G. APiecing together modonimahods under
for multifamily devel opmento. Doctor al di ssertation, Massachusetts
Amb | e rBriefing:.Off§i t e construction of a new nuclear | aboratory at Dounr
Engineers-Energy, 166(2), 49-52, 2013. https://doi.org/10.1680/ener.11.00036

lllankoon, I. C. S.,, & Lu,W. i Cost i mp | itaining dorstnustionoMasteonanagement-r el at ed credits in green
Management, 102, 722-731, 2020. https://doi.org/10.1016/j.wasman.2019.11.024

Wang, J., Li, zZ., & Tam, V. W ACritical fedesigostage: a Shenshénfcasestudlyy e cons
Chinao. Resour ces, Cons e f7v2ald.ihttpsi/da.orgil0.F0&6d).s.esconien291,3.118003, 1

Li, X. X., & Li, G. L. fAExploration of modul ar ridsuTrahsdlech Publieationshi t ect u
Ltd. 357, 338-344, 2013. https://doi.org/10.4028/www.scientific.net/amm.357-360.338

Lu, N. , & Kor man, T. il mpl ementation of building infor madt.i olnn mo d
Construction Research Congress: Innovation for Reshaping Construction Practice. 1136-1145, 2010.
https://doi.org/10.1061/41109(373)114

Amiri, A., Caddock, P., & WhiteheadijsMi ofmAcobuobnagriioti bhe gr &nbe
of the Institution of Civil Engineers-Civil Engineering 166(2), 82-88, 2013. https://doi.org/10.1680/cien.12.00040

Kamali, M., & Hewage, K. fLife cycleeperivor mRrae wab| modawldars ulsu iali i
62, 1171-1183, 2016. https://doi.org/10.1016/j.rser.2016.05.031

Safapour, E., and Kermanshachi, S. #fAlnvest i ga tDisaster Recbnstiudttien S&dlyal | enge

Educational Approach f or C dranspontation Researoh Bbbad2Q%th Aciraual Conference, 2019

Mostafa Namian, Kermanshachi S, Mohammad Khalid, Ahmed Al-Bayati. Cafstruction Safety Training: Exploring Different
Perspectives of Construction Manage r s and \2R0 ASEE Anual Conference & Exposition, 2020

Ker manshachi S, T IDsdovering tRe imp&ocb of late chdhge onders and rework on labor productivity: a water
treatment case study analysis using system dynamics modelingad Construction research congress, 2018.
https://doi.org/10.1061/9780784481295.069

Ker manshachi S, RBensitivig Analysia df Ednstriction Schedule Performance Due to Increased Change Orders and
Decreased Labor Productivityd 7th CSCE International Construction Specialty Conference (ICSC), 2019.

O6Conno,y ,08Br iTen, W. J., & Choi, J. O. fAlndustrial project axecuti
on structural deSIgn and construction, 21(1), 2016. https://doi.org/10.1061/(asce)sc.1943-5576.0000270

Li, zZz., Shen, G. Q., & Xue, X. fACritical review of theernaomaarch o

43, 240-249, 2014. https://doi.org/10.1016/j.habitatint.2014.04.001

Aarseth, W. , Ahol a, T., Aal tonen, K., Ikl and, AL, & Andersen, B. APro

International Journal of Prolect Management, 35(6), 1071-1083, 2017. https://doi.org/10. 1016/1 ijproman.2016.11.006

National Modula r Housing Council (NMHC) . Bui udand dompletip iRepert, Arlimgtom &/A,USAa r h o me

2017.https://www.manufacturedhousing.org/wp-content/uploads/2017/01/Builders-Guide-to-Modular-Home-Set-Up-Completion. pdf
[assessed April 2020].

Wei, Y., Wang D. F., Liwu, J. Y., Yu, C. L., Cheng, Tso.&lBhaApg|ikc
Mechanics and Materials. Trans Tech Publications Ltd. 509, 92-95, 2014. https://doi.org/10.4028/www.scientific.net/amm.509.92

Rahman, M. M. ABarriers of i mplementing modern met hod§69¢7,20donstruc
Wu , P., Xu, Y., Jin, R. , Lu, Q. , Madgwi c k, D., &siteHamsteuctionkin the C . M.
integrated design & construction project del i ve®OMo0.2019.Jour nal
https://doi.org/10.1016/}.jclepro.2018.12.226

Sendanayake, S. V., Thambiratnam, D. P., Perera, N., Chamcture¥., & A
through innovative inter-mo d ul ar ¢ o n n e c 5(11p 20390https:Hdwilorg/$0dl®16/j.heliyon.2019. e02751

Hu, X., Chong, H. Y., Wang, X. & L onsdiotne, nKanufflen duerri sntga n dai nlgi tsetraakt
Construction Engineering and Management, 145(8), 2019. https://doi. org/lO 1061/(asce)co.1943-7862.0001674

Bendi, D., Rana, M. Q., Arif, M., Goukdiegreddi 8ess&ikKatshdiln Aonk.
Construction Innovation, 2020. https //doi.org/10.1108/ci-02-2020-0016

Kamalirad, S., and Kermanshachi,S.,.Shane J, Anderson S. fiAssessment of construction
pri mary stakehol der s in compl ex pr oj ec peoialty Gnfdiend8,2CE/ CRC | nternati on
Kamalirad S, K eDevelpmenrt af qroject cBmmunication network: A new approach to information flow modelingo .
Construction Research Congress (CRC) 2018. http://doi.org/10.1061/9780784481271.042

Kamalirad, S., and Kermanshachi, S. AiDevel opment of Project Life C

Met hodo. Constructi on https:#doiang/tOH064/9780784485361,0542 0 1 8 .

Safapour E, Ker mans hac hi ldedtifyingleffettavd project-dase8 comrbBunidatioa indicatdis within primary and
secondary stakeholders in construction projectso .ourdal of Legal Affairs and Dispute Resolution in Engineering and Construction 11(4),
2019. http://doi.org/10.1061/(ASCE)LA.1943-4170.0000332

Safapour E, Ker ma n s h abDevelopméht of tKeaefiectivé comrdunication ngtwork in construction projects using
structural equation modeling techniquea ASCE International Conference on Computing in Civil Engineering,2019.
https://doi.org/10.1061/9780784482438.065

Nipa T J, Ker ma n s h a ©éveloprent ofkeffertizd domnaudicatiSn franfiework using confirmatory factor analysis
techniqueo ASCE International Conference on Computing in Civil Engineering, 2019. https://doi.org/10.1061/9780784482438.073
Ker ma n s h ®eclsion making dnd uncertainty analysis in success of construction projectso PhD dissertation, 2016.

Ker manshachi S, B Da o, Uncertatlh analysis of Bocukement phase perform@nce indicators using extreme
bounds analysis (EBA)0 6th CSCE/CRC International Construction Specialty Conference, 2017.
Mohammadreza H, K e r ma n sHmnginedrning, p@curerBeatfard ganstructiok cost &nd schedule performance

leading indicators: state-of-the-art reviewd Construction Research Congress, 2018. https://doi.org/10.1061/9780784481271.037

Creative Construction Technology and Materials 18


http://e-2020.creative-construction-conference.com/proceedings/
https://doi.org/10.1061/(asce)co.1943-7862.0001412
https://doi.org/10.1061/41109(373)114
https://www.researchgate.net/profile/Mostafa_Namian?_sg%5B0%5D=NLM5whCGTTP9kcU_YldnBRCM4bnkTeir57xWGgRKkOtKnHng2nNkyQR_YG_NHws0hiBjOTQ.xu5qUu802dSzHrM8DxVn22j6vUdrbwQroSsVujjj0CQxY59pPXmBGFgdJKwj7g_7cjJZ5Qe8teN7yhD-vOCisQ&_sg%5B1%5D=ChR2ihYkcvbbSgs4PUci-UrMcnIniy2kWm4FRMcvK7leXwcqmbVrRGTcmMyr65phsDQzIH4.zB55nYTCg7hR7owQLeybsXRFxhMWzLTrjO192cQaZkuvk9eygayxW8pZrPbtrDM_LU_A3jLFh9Yk1yuf0PTBSw
https://www.researchgate.net/profile/Sharareh_Kermanshachi?_sg%5B0%5D=NLM5whCGTTP9kcU_YldnBRCM4bnkTeir57xWGgRKkOtKnHng2nNkyQR_YG_NHws0hiBjOTQ.xu5qUu802dSzHrM8DxVn22j6vUdrbwQroSsVujjj0CQxY59pPXmBGFgdJKwj7g_7cjJZ5Qe8teN7yhD-vOCisQ&_sg%5B1%5D=ChR2ihYkcvbbSgs4PUci-UrMcnIniy2kWm4FRMcvK7leXwcqmbVrRGTcmMyr65phsDQzIH4.zB55nYTCg7hR7owQLeybsXRFxhMWzLTrjO192cQaZkuvk9eygayxW8pZrPbtrDM_LU_A3jLFh9Yk1yuf0PTBSw
https://www.researchgate.net/profile/Mohammad_Khalid8?_sg%5B0%5D=NLM5whCGTTP9kcU_YldnBRCM4bnkTeir57xWGgRKkOtKnHng2nNkyQR_YG_NHws0hiBjOTQ.xu5qUu802dSzHrM8DxVn22j6vUdrbwQroSsVujjj0CQxY59pPXmBGFgdJKwj7g_7cjJZ5Qe8teN7yhD-vOCisQ&_sg%5B1%5D=ChR2ihYkcvbbSgs4PUci-UrMcnIniy2kWm4FRMcvK7leXwcqmbVrRGTcmMyr65phsDQzIH4.zB55nYTCg7hR7owQLeybsXRFxhMWzLTrjO192cQaZkuvk9eygayxW8pZrPbtrDM_LU_A3jLFh9Yk1yuf0PTBSw
https://www.researchgate.net/profile/Ahmed_Al-Bayati3?_sg%5B0%5D=NLM5whCGTTP9kcU_YldnBRCM4bnkTeir57xWGgRKkOtKnHng2nNkyQR_YG_NHws0hiBjOTQ.xu5qUu802dSzHrM8DxVn22j6vUdrbwQroSsVujjj0CQxY59pPXmBGFgdJKwj7g_7cjJZ5Qe8teN7yhD-vOCisQ&_sg%5B1%5D=ChR2ihYkcvbbSgs4PUci-UrMcnIniy2kWm4FRMcvK7leXwcqmbVrRGTcmMyr65phsDQzIH4.zB55nYTCg7hR7owQLeybsXRFxhMWzLTrjO192cQaZkuvk9eygayxW8pZrPbtrDM_LU_A3jLFh9Yk1yuf0PTBSw
https://www.researchgate.net/profile/Sharareh_Kermanshachi/publication/321178599_Discovering_the_Impact_of_Late_Change_Orders_and_Rework_on_Labor_Productivity_A_Water_Treatment_Case_Study_Analysis_Using_System_Dynamics_Modeling/links/5acbebadaca272abdc64affe/Discovering-the-Impact-of-Late-Change-Orders-and-Rework-on-Labor-Productivity-A-Water-Treatment-Case-Study-Analysis-Using-System-Dynamics-Modeling.pdf
https://www.researchgate.net/profile/Sharareh_Kermanshachi/publication/321178599_Discovering_the_Impact_of_Late_Change_Orders_and_Rework_on_Labor_Productivity_A_Water_Treatment_Case_Study_Analysis_Using_System_Dynamics_Modeling/links/5acbebadaca272abdc64affe/Discovering-the-Impact-of-Late-Change-Orders-and-Rework-on-Labor-Productivity-A-Water-Treatment-Case-Study-Analysis-Using-System-Dynamics-Modeling.pdf
https://www.researchgate.net/profile/Sharareh_Kermanshachi/publication/331385246_Sensitivity_Analysis_of_Construction_Schedule_Performance_Due_to_Increase_in_Change_Order_and_Decrease_in_Labor_Productivity/links/5cbe57a6a6fdcc1d49a86b9b/Sensitivity-Analysis-of-Construction-Schedule-Performance-Due-to-Increase-in-Change-Order-and-Decrease-in-Labor-Productivity.pdf
https://www.researchgate.net/profile/Sharareh_Kermanshachi/publication/331385246_Sensitivity_Analysis_of_Construction_Schedule_Performance_Due_to_Increase_in_Change_Order_and_Decrease_in_Labor_Productivity/links/5cbe57a6a6fdcc1d49a86b9b/Sensitivity-Analysis-of-Construction-Schedule-Performance-Due-to-Increase-in-Change-Order-and-Decrease-in-Labor-Productivity.pdf
https://doi.org/10.1061/(asce)sc.1943-5576.0000270
https://www.manufacturedhousing.org/wp-content/uploads/2017/01/Builders-Guide-to-Modular-Home-Set-Up-Completion.pdf
https://doi.org/10.1061/(asce)co.1943-7862.0001674
https://www.researchgate.net/profile/Sharareh_Kermanshachi/publication/321178629_Development_of_Project_Communication_Network_A_New_Approach_to_Information_Flow_Modeling/links/5acbeb41a6fdcc8bfc874832/Development-of-Project-Communication-Network-A-New-Approach-to-Information-Flow-Modeling.pdf
http://doi.org/10.1061/9780784481271.042
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29LA.1943-4170.0000332
https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29LA.1943-4170.0000332
http://doi.org/10.1061/(ASCE)LA.1943-4170.0000332
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://oaktrust.library.tamu.edu/bitstream/handle/1969.1/158020/KERMANSHACHI-DISSERTATION-2016.pdf?sequence=1
https://www.researchgate.net/profile/Sharareh_Kermanshachi/publication/321177364_Uncertainty_Analysis_of_Procurement_Phase_Performance_Indicators_Using_Extreme_Bounds_Analysis_EBA/links/5a1376014585158aa3e62c6b/Uncertainty-Analysis-of-Procurement-Phase-Performance-Indicators-Using-Extreme-Bounds-Analysis-EBA.pdf
https://www.researchgate.net/profile/Sharareh_Kermanshachi/publication/321177364_Uncertainty_Analysis_of_Procurement_Phase_Performance_Indicators_Using_Extreme_Bounds_Analysis_EBA/links/5a1376014585158aa3e62c6b/Uncertainty-Analysis-of-Procurement-Phase-Performance-Indicators-Using-Extreme-Bounds-Analysis-EBA.pdf
https://www.researchgate.net/profile/Sharareh_Kermanshachi/publication/321177987_Engineering_Procurement_and_Construction_Cost_and_Schedule_Performance_Leading_Indicators_State-of-the-Art_Review/links/5acbebd7aca272abdc64b004/Engineering-Procurement-and-Construction-Cost-and-Schedule-Performance-Leading-Indicators-State-of-the-Art-Review.pdf
https://www.researchgate.net/profile/Sharareh_Kermanshachi/publication/321177987_Engineering_Procurement_and_Construction_Cost_and_Schedule_Performance_Leading_Indicators_State-of-the-Art_Review/links/5acbebd7aca272abdc64b004/Engineering-Procurement-and-Construction-Cost-and-Schedule-Performance-Leading-Indicators-State-of-the-Art-Review.pdf

Proceedings of the Creative Constructic@enference (220) 012
Available online a¢-2020.creativeconstructionconference.com/proceedings/

[65] Nnaji, C., Gambatese, J., Karakhan, A., & Osei-Ky e i , R. fiDevel opment and Applicati eakingf Saf e
Tool 6. Journal of Construction En dtps/Ela.ord/10.50614asck)cdla43-a8520004808 |, 146(4),
[66] Ker manshachi S, Ander son SProjdt Stopingdroecess Mod&l DéveldpmentaoyAcheve.On-Time and On-
Budget Delivery of Highway Projectso . Jour nal of the Transportation Rea83H4lR63018Boar d, 2
[67] Ker ma n s h &8 multi-p&ty staimdard partnering contract for integrated project deliverydo . Mast er Thesi s, 2010.

[68] Ker manshachi S, Bac Dao, R o u h a rDevelapthenhof tiBe,projéct conpkexityeassesSmeAtardie r s o n . f

management framework for heavy industrial projectso . I nternational Journal of Construction EG¢c
https://doi.org/10.1080/15578771.2018.1499568.
[69] Correi a, J. M., Sutrisna, M., & Zaman, A. MUdite mankfacturingin cmmercifl projeesioi ng t h

Western Australiao. Journal of E n. ftipsi/fect.org/10. H108/jebtdS-A0P0246 nd Tec hnol ogy,

Creative Construction Technology and Materials 19


http://e-2020.creative-construction-conference.com/proceedings/
https://doi.org/10.1061/(asce)co.1943-7862.0001808
https://journals.sagepub.com/doi/abs/10.3141/2630-18
https://journals.sagepub.com/doi/abs/10.3141/2630-18
https://doi.org/10.3141%2F2630-18
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://doi.org/10.1080/15578771.2018.1499568

CCC 2020

Proceedings of the Creative Construction e -Conference (20 20) 013
Edited by: Miroslaw J. Skibniewski & Miklos Hajdu

https://doi.org/10.3311/CCC2020 -013

Opportunities for Transportation Departments to Leverage
Construction UAS Data

Bryan Hubbard ! and Sarah Hubbard 2

1 Purdue University, West Lafayette, USA, bhubbard@purdue.edu
2 Purdue University, West Lafayette, US/Aarahh@purdue.edu

Abstract

Unmanned Aerial Systems (UASs) are being used on infrastructure construction sites by contractors for
many different applications and generate valuable data that could be potentially leveraged for Department

of Transportation (DO T) applications. Representative UAS construction applications include construction
progress monitoring, safety surveillance, quality assurance, documentation of work zone conditions
following an incident, quantity measurement, and communication with stakeh olders. The UAS data typically
consists of high definition pictures and video from a standard commercial drone. Many of these constructor
UAS applications directly relate to activities that are also important for DOTs such as monitoring
construction activi ties, quality assurance, managing the safety of the work zone and construction project.
This paper reviews the potential UAS applications that benefit both contractors and DOTs and presents
results of a survey regarding common UAS applications.
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1. Introduction

The construction industry utilizes UAS technology for numerous applications [1,2] and is at the forefront of
expanding commercial UAS use in the private sector [3]. Data generated by these contractor led activities
supports a number of DOT information req  uirements. The UAS applications discussed generally reflect a
consumer grade UAS equipped with a high definition camera, and in some cases GPS and software
processing to provide a georeferenced image. This reflects the kind of UAS commonly owned and oper ated
by a construction firm. There are numerous new technologies being employed and developed for more
sophisticated kinds of inspection, including LIDAR and FLIR (e.g., thermal, night vision and infrared)
technology. These technologies provide even more detail of the structure and may be able to identify
cracks, deformations, and delamination in structures [4]. While these technologies are starting to be used

on infrastructure, the major focus of this paper is to identify how UAS images and videos captu red during
the construction process can be utilized by DOTSs.

2. UAS applications for road and bridge c onstruction

A literature review of UAS applications for road and bridge construction was undertaken to identify some

of the most common applications bas ed on commercial, off the shelf UAS equipment with imagery
capabilities. The identified applications were used as the basis for a survey of road and bridge contractors

and consultants. The construction applications identified are reviewed in the context o f how a DOT could
utilize the data to help achieve complementary objectives. For example, if a construction firm is utilizing
UAS for progress photos of their job site, this imagery be useful for inventory analysis of DOT assets in the
area such as signs, lighting, guardrails and drainage systems. The UAS applications for road and bridge

Creative Construction Technology and Materials 20


https://doi.org/10.3311/CCC2020-013

Proceedings of the Creative Constructic@enference (220) 013
Available online a¢-2020.creativeconstructionconference.com/proceedings/

construction are listed in Table 1. This section provides a summary of each application and identifies related
potential opportunities for DOT opportunities.

Table 3. UAS Applications for Road and Bridge Construction Projects

Monitor construction progress and/or site inspection

Evaluate work zone to ensure safety of motorists and workers

Document work zone after incident or accident

Create imagery and 3D models for construction documentation and as-built information

Estimate stockpile and excavation quantity

Perform material tracking

Support construction site logistics planning

Support surveying operations

Support communications, marketing, public information and public relations

2.1. Monitor construction progress and/or site inspection

Construction Application. An early application of UAS in the construction industry was to provide
documentation of the progress 0 n a construction site. Barfuss et al.[5] reported the Utah DOT used imagery
from a UAS on a parkway project to observe the construction progress, cut and fill regions (no
measurements), and record the phases of construction. A survey by lrizarry [6] iden tified monitoring
construction project progress was one of the most useful tasks for UAS. Generating weekly aerial maps of
the construction site can reduce the time spent by construction personnel having to walk the site and
provide a visual record of the project [7].

DOT Opportunity . These high definition images provide the constructor with information about
construction progress, and can also be used by the DOT to monitor the progress of the construction project

and serve as a record of work completed.  The aerial imagery from UAS also provides a way to inspect
construction activities in areas that are difficult to get to and/or are potentially unsafe [6]. For example,
temporary erosion control and sediment control can be monitored via UAS to ensure effe ctiveness [8,9,10].

2.2. Bvaluate work zone to ensure safety of motorists and workers

Construction Application . Evaluating the safety of a construction site through UAS imagery has been noted
by numerous studies as an effective way to help improve worker safety on the worksite [7,6]. UAS images
allow a safety manager to review large portions of the construction site quickly and safely and effectively
evaluate the work zone to ensure workers are safe from the travelling public. The contractor can also use

the images to ensure the work zone is accurately set  -up, which ensures motorist safety and reduces liability.
The resulting images can be used to communicate potential issues related to the work zone set -up.

DOT Opportunity . Worker safety is a concern for all stakeholders on a construction project. An accident
on a construction site or in a work zone can cause many issues for all stakeholders and the project. In
addition to the direct impacts of injuries and property damage, there are impacts due to lost time, project
delays, reduced worker productivity, and administrative time for reporting and investigation. DOT benefits

from new technologies that help support worker safety and from timely information on the work zone
configuration. Drones provide imagery that can be used to identify adjustments that need to be made to
correct a potentially dangerous work zone configuration and/or to ensure better traffic flow; as well as to
document the improvements. This opportunity has been well established, and we documented a decade
ago by [11] in an early feasibility study using drones to monitor work zones with drones.

2.3. Document work zone after incident or accident

Construction Application . Mapping crash scenes with UAS has been increasingly used by law enforcement
at both the state and local level. Using UAS to document the crash scene (or site of the incident or accident)

is faster than conventional methods, and allows the accident to be cleared quickly, which helps prevent
secondary accidents [12]. While most of the focus has been on law enforcement requirements related to
this function, contractors and DOTs also may benefit from the data obtained by a UAS at the crash scene
[13,14]. Benefits include accurate documentation of the crash scene which is useful for insurance claims,
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criminal investigations, assessment of work zone configuration, review of traffic operations, and
infrastructure condition such as the resulting damage to guar  drail or bridge components [12]. Contractors
may become involved in litigation related to the work zone incident or accident and UAS information may

be helpful to provide an accurate representation of the construction site at the time.

DOT Opportunity : The data from a crash scene is useful for the construction contractor, and also may be
useful for DOTs to improve work zone safety. The images and video may be used to evaluate why the
incident occurred, and provide information to improve work zone desig n as well as train DOT employees in
work zone design and set -up. Imagery of a crash scene or incident scene support future road safety
improvements and can also support activities during litigation for all stakeholders, including DOTs. As
noted by Rogers [15], video is often helpful in a legal setting to describe the incident. UAS imagery provides

a much more robust context for incident or accident conditions, as compared to traditional accident
reports.

2.4. Create imagery and 3D models for construction documentation and as-built information

Construction Application . An accurate 3D model representation of an infrastructure construction project
once it is completed provides information for future repair, reconstruction and inspection. 3D models of
the constructed facility can also be compared to the original design to assure construction accuracy [8].
These 3D models are based on data collected with UAS and photogrammetry software processing
programs and may replace or be used as a backup to traditiona | drawings and specifications.

DOT Opportunity . There are numerous DOT benefits from 3D models that extend beyond the construction
phase. The georeferenced images can serve as supplemental as -built information and provide a record of
infrastructure condition. Cataloging images over a period of time provides DOTs with information that may
be useful for warranty issues, for illustrating best practices, and for the provision of historic information
that may be useful to improve future construction and maintenance practices for road and bridge systems.

2.5. Estimate stockpile and excavation quantity

Construction Application . The management of stockpiled material such as aggregate, and soil is important

in the construction process to keep the project on schedule, and support material management, accoun ting
and billing. Similarly, documentation of excavation and material movement during construction provides
information regarding construction progress and is important for project documentation and payments.

The volume of material and the excavation of m aterial can be determined using UAS imagery and
processing with photogrammetry software that generates a 3D model from 2D photos [16]. Accuracies are
within approximately +/ - 3% [16,17]. If more accurate measurements are needed, more sophisticated
systems can be used (e.g., higher resolution cameras with more sophisticated use of base stations for
calibration and/or LiDAR).

DOT Opportunity . Accurate information about current material quantities volumes and current status of

excavation and earth moving ar e important for the construction contractor and also support DOT progress
assessment, as well as payment and accounting. As not e
of stockpiles ensures that the supplier provides the correct amount, avoi ds stock-outs of material, and

proper moisture amounts for road construction.}

2.6. Perform material tracking

Construction Application . The ability to quickly locate required materials on a construction site is important

for inventory management and job s ite productivity. Inventory management may utilize material
identification using photographs, barcodes, or Radio Frequency ldentification (RFID) technology [18,19].
Commercial systems manage inventory with material tracking that may utilize UAS or vehicl e based
systems. Material management and tracking supports the contractor by providing timely and accurate
information regarding materials that are currently in the inventory and ready for placement, as well as
materials that are expected but have not yet  arrived on the job site. Utilizing advanced technologies such
as UAS for material tracking also reduces loss from theft and supports site security measures [20].
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DOT Opportunity . Improved material management and inventory control benefits DOTs by support ing on -
site efficiency, reducing costs and reducing delays, resulting in shorter construction times. The imagery
provides a good record of inventory in case there are questions or disputes during and after construction.

DOTs may also find it useful to use this kind of system to track materials for maintenance and operations

at the district level (e.g., salt, sand and gravel), ensuring that the appropriate material is available when
needed, and ensuring that the quantity delivered is timed and billed approp riately.

2.7. Support construction site logistics planning

Construction Application . UAS can support job site logistics and logistics planning on for construction [6].
During the pre -construction planning phase, UAS can provide detailed site informati  on to facilitate a
detailed logistics plan that is tailored to the job site, including the location of material laydown, equipment
location, construction site access, construction office location and parking. During the construction
process, aerial images can provide information to support evaluation of material flow and worker
productivity, as well as identify potential construction issues [18]. All these logistic related activities support

a more efficient and safer worksite, which benefits both the con  tractor and the DOT.

DOT Opportunity . The imagery provided in the preconstruction and mobilization phase of a construction
project will also support DOT activities, such as examination and documentation of existing conditions,
inspection and confirmatio n of the traffic control plan, and locations and effectiveness of environmental
controls such as silt fences [13]. The imagery can also be used to identify potential assets (e.g. drainage
structures, traffic signs, and guardrails) that may be affected by construction; these assets may need to be
moved, modified, and/or protected during the construction project and the UAS imagery can help identify

as well as provide a robust context prior to construction mobilization.

2.8. Support surveying activities

Construction Application. _The capability of UAS to produce low cost survey maps is improving and has been
aided by technology such as Global Navigation Satellite System (GNSS) Real -Time Kinematics (RTK), which
enhances the precision of position data [21].  While surveying may still require high -accuracy data that can
be provided by more traditional survey techniques, there are numerous surveying functions, such as

progress monitoring, that may use lower accuracy photogrammetry methods that leverage UAS moun ted
cameras. Some advantages of lower accuracy photogrammetry UAS methods include lower cost and the
ability to collect data in remote or hard to access locations [22]. The reduction of survey crews on -site

during construction operations reduces the expo sure of survey crews to construction hazards and
improves construction site safety [22].

DOT Opportunity. Inadequate progress monitoring may contribute to poor performance in transportation
construction [22]. This can be addressed by enhanced monitoring, including the collection of UAS data to
document work in -progress and work completed; this documentation also supports payments and
payment schedules. Work progress can also be important when communicating with the public regarding
construction schedules, closures, and work zone changes, as discussed in the next section.

2.9. Support communications, market ing, public information and Public Relations

Construction Application. UAS photos and video can be shared with internal and external stakeholders
(Dronedeploy, 2018) to support communications, marketing, and public relations. UAS aerial imagery
provides t he construction team with visual data that is easy to interpret. Construction contractors share
UAS imagery with numerous stakeholders including current and potential clients, as well as subcontractors.

DOT Opportunity. DOTSs can also use UAS photos and video to support communications, public information
and public relations. UAS photos and video can be posted on social media and DOT websites, and shared
with the media. UAS imagery shared with the public may be useful to provide an overview of the proj ect
and project progress [7]. Imagery of the construction site also supports information about road detours

and work zones, which may increase motorist safety. Some DOT divisions and districts have already used
UAS images and videos for public informatio n and public relations.

Creative Construction Technology and Materials 23


http://e-2020.creative-construction-conference.com/proceedings/

Proceedings of the Creative Constructic@enference (220) 013
Available online a¢-2020.creativeconstructionconference.com/proceedings/

3. Results of survey of construction professionals

An online survey of construction professionals was used to provide a better understanding of how UAS are
being used on road and bridge construction projects. All responses were anonymous. The survey was
distributed using a DOT construction listserv, which includes construction professionals who work for a
DOT, as well as constructors and consultants in the private sector who do construction work under contract

with a DOT. An objective of the survey was to identify how UAS are currently being used by contractors.
Table 2 provides a ranked list of the applications currently performed by contractors from the survey. The
most common application for construction projects is imager y for communications and marketing. Other
popular application include estimating stockpile quantity (ranked 2nd) and imagery for as -built information
and general construction documentation (ranked 3rd).

Table 2. Survey of UAS Applications

Rank Application (number of respondents using this application)

Use imagery for communications and marketing (58)

Estimate stockpile quantity (39)

Create imagery and 3D models to provide as-built information and construction documentation (38)

Monitor construction progress and/or site inspection (for example, silt fences) (37)

Support surveying operations (37)

Estimate excavation quantity (33)

Support construction site logistics planning (23)

Evaluate safety of construction site for workers (15)

O 0| N| o g M| W N| =

Perform material tracking (15)

=
o

Document work zone after an incident or accident (10)

[EY
[N

Evaluate safety of work zone for motorists (8)

=
N

Use for security monitoring (4)

Based on the survey results, UAS are widely used in construction and are using UAS imagery for
communications and marketing, as well as more specialized applications such as 3D models to estimate
quantities and provide as -built information. As technology advances, the use of this UAS data for payments
and to confirm milestones will become more prevalent.

Responses to survey questions illustrate that many contractors have provided clients with UAS data on past
projects and would be willing to provide clients data in the future. Considering past projects, 60 % have
provided clients with UAS data when requested (44%) or if specified in the contract (16%); 19% have
provided clients with all UAS data during the project. About a fifth (21%) indicated that they never provide

UAS data to their client on past project s.

Concerning contractors and consultants willingness to provide UAS data in the future, the majority (57%)
indicated that they would provide the data if it is required in the contract. A large percentage (40%) indicated
they would provide the data if th ey are collecting the data anyway. Only 3% indicated they would not be
willing to provide data. Keep in mind that some contractors may not use UAS, and depending on their area

of expertise, it may be uncommon to utilize UAS. In the comments to this questi on, some respondents

expressed concerns about I|iability issues. There were

risk if UAS data is included as a contract deliverables.

Based on the survey results, UAS is widely used in construction, andt here is interest in an expanded use in
the future. The majority of constructors have their own equipment and are using UAS imagery for
communications and marketing, as well as more specialized applications such as 3D models to estimate
quantities and provi de as-built information. As technology advances, the use of this UAS data for payments
and to confirm milestones will become more prevalent.
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Providing a contractual mechanism for DOTs to obtain UAS images and video captured by contractors
during construc tion is one way to quickly integrate UAS data without requiring a DOT to own or operate
UAS. Many construction firms already collect this data, and it can potentially be provided to a DOT with
minimal additional effort. It is important that the data requir ements be clearly defined, and that adequate
consideration is given to minimizing the contractor burden and risk, since standards and procedures are
still being developed.

Another important consideration is development of a data management framework to ens ure that the UAS
data collected can be accessed and leveraged to support all DOT activities, as needed. For full benefit, UAS
data provided to DOTs by contractors will need to be in a consistent format and stored so it is readily
accessible for the many po tential applications and users. FHWA has recognized that a standard format for
data is a key issue, and hopefully a national standard will be forthcoming; even with a standard, there will

still be a need for DOT to identify their own database requirements. Development of a robust database that
leverages GIS capabilities will ensure that all UAS data can be leveraged and used to its full potential.

4. Conclusion

UAS are being used on construction sites by contractors for many different applications, and constructors
are generating valuable data that could be potentially leveraged for DOT applications. UAS construction
applications include construction progress monitoring, safety surveillance, quality assurance,
documentation of work zone conditions following an incident, quantity measurement, and communication

with stakeholders. The UAS data could be identified as a deliverable item in DOT construction contracts,

and may include high definition pictures and video from a standard commercia | UAS, as well as data such
as earthwork quantities moved, or stockpile quantities associated with materials contracts. Many
constructor UAS applications directly relate to activities that are important for DOT, such as monitoring
construction activities, quality assurance, and managing the safety of the work zone and construction
project. Un addition to the construction applications
construction sites could also be utilized for other DOT applications be  yond the construction phase. These
applications may include roadside asset inventory (including signs and culverts), as built documentation,
classification of plant species in the right -of-way, and video and images that can be used for communication
with t he public. The findings include the results of a survey of constructors, which indicates general
willingness of constructors to provide UAS video and data as a contract deliverable.
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Abstract

The search for the form optimization of reticulated roof structures is a significant aspect in Architectural
Engineering and Construction section. It consists of reflecting the intended aesthetic effect as well as an
attempt to choose the most suitable technical solutions. Therefore the divisions of reticulated structures
should be determined to pursuit of structural, material and technique of fabric ation advancement. In
contemporary construction practice, understanding how curved shapes describe the form becomes an
significant design aspect. Structural divisions of free  -formed canopies should be solved in architectural and
structural design simultan eously at an early stage of designing. The choice of proper designing method
becomes a complicated process, requiring the ability to selecting type of production and rationalize
technical solutions mainly due to the computer aided design supported by algor ithmic tools. The paper
research analyzes curvilinear structures of canopies in search of optimal structures of geometrical divisions.
Case study is based on reticulated roof structures with triangular and quadrilateral panelization. In recent
twenty year s, the most common and accessible solutions for free  -form canopies are triangular divisions
due to the ability to use flat glass panels. Panelized Quadrilateral surfaces, facilitate the fabrication process

in many aspects, surpassing triangular panels. The ir main disadvantage was the design of quadrilateral flat
panel mesh. The finding of the study conclude assets and flows of both methods of shaping the geometry

of reticulated roof structures based on material and technology of fabrication aspects. The stu dy conclude
that the crucial designing method is to determine the manufacturing technology in the early stage of
architectural optimization.

© 2020 The Authors. Published by Budapest University of Techn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: creative designing, generative designing, grid canopies, structural optimization, topology optimization

1. Introduction

In the 21st century, a change in the way of designing in Architectural, Engineering and Construction sector

is noticeable. Sustainable Development adopted by the United Nations Assembly, influences on
construction development mainly in natural resources us  age without destroying natural ecosystems. It
results in the implementation of optimisation methods and tools into designing, construction and
exploitation phase of buildings life. It is visible in supervising of the entire production process, from BIM
environment designing, through controlling the construction process, construction productivity, optimizing

the material and shape with unprecedented precision [1]. The process resembles the designing approach

of the medieval craftsman [2]. The dynamically pr ogressing digitization is now “filtering" the design
techniques and methods associated with structures optimisation. It is commonly used for Architectural
Design Optimisation (ADO) [3]. Increased use of parametric design and simulation of building paramete rs
enables optimization of, among other, material, costs, and time, for construction and subsequent
maintenance, reducing the carbon footprint. In design practice, however, architects and structural
designers still encounter significant difficulties in usi  ng algorithmic designing by: "insufficient knowledge of
optimization based on multi -variant simulations, use of inefficient optimization methods based on genetic
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algorithms, lack of modern, easy -to-use optimization tools and lack of integration of optimiza  tion into
architectural design." [4].

Computer based methods of digital modeling in designing free geometries structures improve not only the
aesthetic quality but also the efficient use of materials [5]. It provides new possibilities in a creative search
for "eco -efficient" architectural forms and technical solutions. Thanks to the availability of advanced,
generative techniques as well as engineering methods, achievements in structural optimisation have
remarkable outputs. Designers, thanks to computer ai  ded design, can mimic forms found inspired by
nature nature[6]. This trend in architecture, called biomimetic, can be used on different designing levels,
from imitating the patterns found in nature to understanding natural ecosystems behaviour and
implemen ting them into the building scheme. The design process is already at the concept stage dictated
by the fabrication method. The development of free -form architectural designs has intensified the
development of technologies which can shape the form different ly. An essential issue in the problems
undertaken by designers is: (1)the use of digital tools, with the use of biomimetics and mathematical
algorithms, in search of optimal shapes and behavioural systems; (2) ways of fabrication of building
elements, adju sted with appropriate selection of shape and preparation of elements for easy assembly; (3)
search for the minimization of energy required to fabrication, the use of environmentally friendly materials,

or the least amount of environmental degradation (incl ~ uding carbon footprint).

2. Background

Mathematical algorithms based on proportionality requirements analyse various variant solutions in order

to find the optimal free -form geometry. It is thought -provoking particularly for prefabrication which
nowadays is increasingly characterized by the idea of postfordism [7]. Striving for unification does not
exclude the creative search for individual solutions. The use of the computational capacity of computers
has made it possible to test many concepts based on many factors optimisation, especially designed with
the use of laws of nature. Learning those rules has become the basis for formal experiments. These, in turn,
form the basis for the designers [8]. Current research on structures with free shapes is the result of
inspiration from natural forms found in nature. Biomimetic inspiration and the search for algorithms that
describe its principles seem to be justified by fact that the processes governing living organisms are a
matter of survival [9]. It is visible in  the architectural realizations of famous architectural studios all over the
world. This paper raises two main courses of the free -formed canopy panels shaping: using triangular
panels (Fig. 1.) and quadrilateral panels (Fig. 2).

3. Literature review

Grid-shell geometry named also as retirculated surface structure is an attempt to perform simplified
computational models of curvilinear structures [5]. They are the result of numerical methods of dynamic
relaxation used in form -finding [10], alongside such opti misation methods as the force density method [11],
particle spring system [12] or reference strategy [13]. The principle of form -finding can be illustrated as a
process of shaping structures, with an assumed load, as physical models made by A. Gaudi or F. Otto in
previous century. It is: "finding an (optimal) shape of a (form  -active structure) that is in (or approximates) a
state of static equilibrium” [14]. In designing free -form canopies, which are mostly doubly -curved
structures, there must be a compromi  se between aesthetics and technology [15]. Planar glass panels filling
the structural grid to achieve material savings become a technological requirement. The aesthetic
requirement, on the other hand, is smoothness of the surface division (possibly without sharp edges) [16].

While analyzing the research literature, some factors of material minimization and affordability of
fabrication process were found. Examples of comparison of freeform grid -shell structures with triangular
and quadrilateral panels are pr esented in Table 1. The three most important factors influencing the
selection of panels with quadrilateral or triangular geometry are distinguished: design method, the
technology of execution, and architectural quality. The presented conclusions were made based on the
analysis of research works from recent years[17,5,15,18].

Creative Construction Technology and Materials 28


http://e-2020.creative-construction-conference.com/proceedings/

Proceedings of the Creative ConstructicEenferace (2R0) 014
Available online a¢-2020.creativeconstructionconference.com/proceedings/

Belgium; (c) British Museum of Art; (d) Shangha i EXPO pavilion; Fig. 2.(ight)Free -form grid -shell canopy with mesh rectangular
panelization: (a) Kogod Courtyard w Smithnonian; (b) Trinity w Leed mall centre; (c) Yas Island Hotel in Abu Dhabi; (dGerman
Historical Museum in Berlin

Table 1. A comparison of characteristics of free

-form canopies in triangular and quadrilateral panels.

Triangular Panels

Rectangular panels

Design method

the technology
of execution

architectural
quality

+ easy subdivision of double-curved
geometries into any flat triangular
panels

-difficulty in making joints in which six
bars merge at different angles

-more waste glass than in
quadrilateral panels

- a larger ratio of the surface area of
the rod structural elements in

- difficulty in developing flat-panel geometries on a quadrangle:
when developing quadrilateral double-sided panels, further
technological problems arise, such as thermal deformability;

in the case of developing flat panels, designers often had to
compensate for problems in achieving the correct curvature in
the outer part of the cover (e.g., Courtyard Coord at
Smithsonian)

+ ease of fabrication of joints where only 4 rods merge

+ minimizing the amount of waste of covering material of
rectangular panels (comparing to triangular ones)

- higher translucency and interior illumination thanks to a
smaller ratio of structural elements is a covering material.

comparison to the quadrilateral
grids, which is equivalent to less
translucency

4. Research m ethodology

The selected models represented the construction of pavilion canopy. The area of each geometry is
900m”"2. The paper compares the structures designed as free -forms curvilinear geometries using the
Delaunay triangulation, regular triangle and quad rilateral divisions. The geometries with Delaunay
triangulation divisions we optimised at first, because of random selections of nodes and bars lenght without
designers interfere. The resultant geometry with the lowest total weight of the structure was th e basis for
subsequent more in -depth studies. A case study of reticulated structure with regular: triangular and
quadrilateral divisions comparison was conducted, based on the parameters from initial Delaunay
triangulation analysis: the total length of all  bar, same length of single bars and number of joints.

In the geometry generating process of bar meshes, geometry and material optimisation softwares were
used. Grasshopper /Rhinoceros was used in form -finding method, to create a catenary model and  dynamic
relaxation (Kangaroo2 and Karamba plug -ins was used to imitate physical forces and adjustment of the
structure curvature and initial material optimization. Structural optimization was performed in Robot
Structural Analysis. Thanks to adopting gener ative tools geometries are considered to distribute loads in
the structures more efficiently than mathematically determined shapes such as parabola. The differences
between the two curves are almost invisible to notice, but allow a significant optimizatio n of material
applying. Such research were noticeable in A. Gaudi's research(Fig. 3). The purpose of this numerical
method is to find a geometry in which all forces are in equilibrium, allowing the minimum area (length) of

the structure to be found.In the  structures under study, the use of dynamic relaxation allows for significant
minimization of materials e, which is visible in earlier studies of curvilinear structures [19].
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Two-stage analyses of various grid canopy geometries were carried out:  Study 1 - analysis of the structural
mesh based on Delaunay triangulation, (the analysed geometries were previously developed within the
author's research); Study 2 - comparative study of topological changes of the grid  -shell on triangular and
quadrilateral regular div ision, according to the guidelines parameters from Study 1.

5. Results and findings

5.1. Study | reticulated structure optimisiation basing on mesh Delaunay tiangular divisions

Table 2. Results of Study | - analyzed Delaunay mesh grid -shell

Variant The Adapted profile Maximum Total Total
curvature (type and deformatio  length of weight

height to the dimensions in n [cm] the rods [ka]

support mm) [m]
span ratio

A 1/5 TRON 139x5,0 6,2 1376,14 22 865
B 1/4 TRON 139x4,0 6,6 1390,69 18 623
C 1/3 TRON 139x4,0 5,9 1420,48 19 022

A comparison of freeform structure systems showed that the average total mass decreased as the total
height of the srtucture increases. The average total weight of the structures was 20 170 kg. The most
optimal variant (with the lowest total weight) was Variant B. The total weight of this arrangement is 18,623
kg (with the roofing area of 963.41 m2).

Study |- summary, the following parameters were observed while analyzing the optimal variant B:
1 Finding 1: The average total length of all members was 1395.77 m;

1 Finding 2: the length of the members did not exceed 5.0 m;

1 Finding 3 : the sum of all nodes was 203.

5.2. Study I} reticulated structure optimization basing on regular quadrilateral and triangular divisions

Study Il aimed to identify the most beneficial divisions of quadrilateral and regular triangular meshes,
shaped according to the weight minimization and fabrocation process. Geometries were generated basing
of conclusions of Study I.

Case study of the second phase consists of 18 covering structures, divided into three groups according to
the total length of all bars, a single bar length of about 5 m and a total of all nodes of around 203. The
resulting geometries (Fig.3 -4.) show a significant difference in the density of the mesh. Also, the smoothness
of the canopy varies between the geometries.

Fig. 3. PQ geometries generated according Findings: (a) fixed total length in the grid ~ -shell~1390 m; (b) fixed length of each bar~5 m;
(c) fixed number of joints

Fig. 4. Triangular panels geometries generated according Finding: (a) fixed total length inthe g rid-shell~1390 m; (b) fixed length of
each bar~5 m; (c) fixed number of joints

Creative Construction Technology and Materials 30


http://e-2020.creative-construction-conference.com/proceedings/

Proceedings of the Creative Constructic@enferace (2R0) 014
Available online a¢-2020.creativeconstructionconference.com/proceedings/

Table 3. Results of Study Il - analysis of regular rectangular and triangular meshes of the canopy

The Finding 1- fixed total length in the Finding 2- fixed length of each Finding 3-fixed number of joints
curvature grid-shell~1390 m bar~5 m
height to
the Planar Planar Planar
support quadrilateral Triangular grid quadrilateral Triangular grid . . Triangular grid
. . . quadrilateral grid
span ratio grid grid
1/5 1.1. 24684 1.4 22128 21. 26987 24. 28344 3.1. 26 952 3.4. 33618
1/4 1.2. 18310 15 22 159 2.2, 24501 25. 20447 3.2. 21983 3.5. 25 662
1/3 1.3. 16696 1.6 22 609 23. 25310 26. 20398 3.3. 22 683 3.6. 23 697
6. Findings
The lowest total weight of the structure was achieved in quadrilateral panels Variant 1.3 (with a total bar

length of 1 390 m) with a total weight 16 696 kg. Among the variants with triangular divisions, Variant 2.6,
with a total weight of 20,398 kg, wast he most lightweight. The difference in best quadrilateral and triangular
variants was almost 4 tons. However, triangular panelled reticulated structures are still more frequently
chosen structures. It is due to technological difficulties from the design st age to the execution stage.

The technology of making PQ structures is more demanding in terms of technology and design than that
triangular panels (for which finding a plane passing through all three points is remarkably easy). It is visible

in the canopy structure of Kogod Courtyard, where a smooth surface of the roofing was obtained only from

the inside of the courtyard, while on the outer side had a significant fragmentation of the surface. Therefore,

the manufacturing technology and structural design a  spects are the main points in interdisciplinary
generative design. Architectural Design Optimization (ADO) in the initial designing phase implement the
construction methods as equally important factors as aesthetic appearance. Choosing the fabrication
meth ods for instance if the nodes are made by traditional welding (where the minimum number of welded
elements is essential) or by 3D printing (where the most crucial question is to minimize the usage of the
material and printing time). As highlighted in liter  ature analyses, it was noticed that the construction of
nodes connecting only 4 rods increases the amount of sunlight inside. By comparing the best results of
structures with regular quadrilateral and triangular panels, a significant reduction in weight is visible in
favour of the PQ. However, comparing the number of nodes in both structures (where the nodes give the
most of shadows), there is a vast difference. The quadrilateral Variant 1.3. has 452 nodes, while the
triangular Variant 2.6. only 75. Many as pects, such as the number and type of manufacturing of the nodes,
become a fundamental aspect of designers' work. Comparing the result of the structure with the Delaunay
triangulation divisions and the best variants in the regular quadrilateral and triangu lar divisions showed
significant differences, which may ultimately affect the choice of a particular geometry due to technological
factors, rather than merely optimizing the weight of the structure. Tabel 4. presents comparison of the main
differences in s tructural data between the best geometries in each type of mesh divisions in canopies.

Table 4. comparison of choosen factors of types of reticulated mesh divisions

Delaunay Regular Regular
factor - : .
Triangulation rectangular triangular
Weight [kg] 18 623 16 696 20 398
Total length [m] 1390 1390 858,57
Length of individual rods[m] 1-5 2,3 5
Number of joints 203 452 75

7. Conclusion and discussion

Thanks to new computer aided optimization tools, designers undertake attempts in creating more
advanced structures, such as free -formed reticulated canopies. The choice of materials and technologies
becomes the key to broadening the boundaries of the knowl edge and perception skills. The new
possibilities of computational design, change multidisciplinary environment. In the case of designing a
usage of relatively simple tools benefits in in -depth optimisation process. Obtaining efficient structural
divisions of grids becomes an interdisciplinary task to be solved in architectural -constructional and
manufacturing aspect. The selection of the manufacturing techniques influences on the process of
designing. The ability to implant the type of the productionand ¢ onnected with it cost optimisation, become
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a crucial factor in choosing specific technical solutions in the construction phase. Searching for aesthetic
effects and waste reduction can be attained due to the algorithmization of design tools . Due to multiple
boundary conditions, which vary in each designing process there is never one best solution for all the
designing and construction obstacles. The algorithmic design allows to correct assumptions: "this also
includes the usefulness of the algorithm as a tool to verify design concepts and the talent of their creators.”

[20]. The author intended that the ideas presented in this work encourage furt her investigation in the field.
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Abstract

Risks have to be managed with great care so that the final goal of delivering a successful project can be
reached. The paper extends the risk management process with the value -based risk monitoring framework
developed by the authors, where the primary purpose is to detect and monitor risks jeopardizing the
expected project return, and if necessary, to start action plans in order to avoid lo sses. An important
characteristic of the suggested integrated model is that it takes into consideration that risks are time -
varying, that is, as time passes, the uncertainty of the occurrence of a risk changes. In this paper, the
traditional risk managemen t process is extended with the value -based approach, where risk factors are
measured on a linear scale. The integrated project risk management process supports the organization -
level decision making, and extends the fundamental roles of project portfolio m anagement office identified
by the literature.

© 2020 The Authors. Published by Budapest University of Techn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020

Keywords: integrated methods, project risk management, risk management process

1. Introduction

Project risk management is about controlling unexpected issues that might affect the level of activities in

the project, or the whole project itself. Project risk management became one of the most important aspects

of project management so much so that sig nificant international organizations issued standards on it (e.qg.,

[1]). Risk management is one of the ten competency areas inthe P MUAs PMBoK (Project M
UnstituteAs Guide to the Project Management Body of Kn
management standard as, "an uncertain event or condition that, if it occurs, has a positive or negative effect

onaproj ect As olflj ectives. "

Risks have an inherent uncertainty, their occurrence is not predestined, so they have to be managed with
great care. The ultimate goal of project risk management is to achieve project success. There are several
issues of project success [2] that are not subject to investigation in this study. To achieve this goal, the risk
management process has to serve the optimization of risks. Th e optimization process is responsible for
balancing the probabilities and both the positive and negative impacts of risks. According to the PMBoK, a
well balanced portfolio of risk requires the following steps: Planning Risk Management, Identifying Risks,
Qualitative Risk Analysis, Quantitative Risk Analysis, Planning Risk Responses, Implementing Risk
Responses, and Monitoring Risks [3].

The current study focuses on integrating risk management into a common risk management process. There

are three principles of the propose d risk management framework. On the one hand, the suggested model
takes into account the minimum requirements of the owner. On the other hand, the model has to be able

to operate and perform evaluation in the whole life cycle of the project, not only in th e first, risk
management phase. Furthermore, it is important that the evaluation process can be conducted easily in
practice without solid financial knowledge.
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Firstly, there is a brief survey on the traditional, category  -based literature. Secondly, after this review of the
traditional project risk management approaches, the process is presented with suggestions for the
extension. In this section, there are recommendations how to integrate the traditional process with the
value-based model. Finally, the fun damentals of the developed model are summarized.

2. Traditional project risk management concepts

The prevailing concept of risk management is about risk classification. The traditional risk management
methods are widely presented in the literature [4], [5], moreover, there are numerous industrial
applications [6]Z[8]. The general purpose of comprehensive project risk management is to mitigate the risks

with categorization [9], [10]. Project risk management has been an area targeted by resea rchers from the
1950As. Un the | ast decades, subjective el eme[hli B2].0f
Obviously, the objective, quantitative side of project risk management still remained the most intensively
researched area. Derived from the traditional risk classification concept, mathematical models, such as

various probabilistic (e.g., [13]z[15]), and deterministic approaches (e.g., [16]) the analytic hierarchy process
(e.g.,[17]), fuzzy approximation and composition (e.g., [18]), artificial neural networks (e .g.,[19]), Bayesian
networks (e.g., [20],), and Markov modelling (e.g., [21]) are developed and applied to risk assessment.

For a while, integration efforts concerning project management and other professional areas appeared,
reference [22] has successfully established a rele vant relationship between risk management and project
management, but the time for the synthesis with other distant fields has not yet come.

The paper extends the risk management process with the value -based risk monitoring framework
devel oped bysSeThoet sht[28% mtere the primary purpose is to detect and monitor risks
jeopardizing expected project return, and if necessary, to start ac  tion plans in order to avoid losses. An
important characteristic of the suggested integrated model is that it takes into consideration that risks are

time -varying, that is, as time passes, the uncertainty of the occurrence of arisk changes  [24]. The traditional
risk management process is extended with  the value -based approach, where risk factors are measured on
a linear scale.

3. Integrated project risk management concept

From a financial aspect, the goal of a project is to achieve a higher expected internal rate of return than is
possible from capital market investments with similar relevant risk. Lately, it has turned out that there are
other several industry -specific objectives besides the financial ones, and these can be even more important
[25].

To introduce a new approach to traditional category  -based risk management from the area of the theory
of finance, the harmful events must be identified. These harmful events are the financial bottlenecks, and
have a negative impact on the project. On the one hand, the organization must be liquid, and has to
maintain a positive cash flow (L) in each year (t). (1)

L =904 XX )2 0 "t [O,T] (1)

n= ( N)refers to the nature of the parameter,and t= ( T) reférs to the given time period in years. On
the other hand, the debt service coverage ratio ( DSCR cannot decrease below the value ( G) that is specified
by the loan contract in each year. (2)

DSCR=V(X, - YXnpr-Xn)2 G " t1 [0T] )

The integrated model concentrates on one of the three typical harmful events. Firstly, the expected interna I
rate of return or the economic internal rate of return is less than or equal to the minimum requirements of

the owners. Secondly, the yearly cash balance is negative. Thirdly, the yearly debt service coverage ratio is
less than the specified value.
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Fig. 1. Sensitiv ity analysis Fig. 2. Probability of th e occurrence of a harmful event

In the integrated approach, risk management is based on the financial valuation of the project, and the

risks are measured by the probability of the occurrence of critical deviance of the value -driving parameters
from their expected values calculated inth e planning phase of the project. This is the principle of the value -
based financial risk management process [26]. Value-driving parameters become critical, when their
deviations resultin zero or negative  NPVto the owners. The aim of risk monitoring is to follow some selected
value-driving parameters and when they are in the intervention zone, launch the predefined action plans

to restore t he normal value -making process, and to reinitialize the business model. Risk analysis is a
continuous process during the whole life cycle of the project. The value  -driving parameters are in the focus
of the integrated process. Value -driving parameter ( xn:) can be any arbitrary variable that can have any
effect on the financial condition of the owners of the project.

The economic break -even point ( B(xn)) is the critical value of each value -driving parameter that can be
determined (3).

l’jf)d): I(Qa.,br8!(*2,b 1+O ('Q 18!('Q),(')): O
(1+1)°

0=0 (3)

where r refers to the cost of invested capital, B(x.) expresses the changes of parameter x, that occurs evenly
in every year, which makes the projectAs net present ve
of xn makes the project value -destroying.

The breakeven point B(xn) is a point of reference in the calculation of the probabili  ty that changes in

parameter X,. The question is how to find the region where the value -driving parameters are larger than

B(xn). In this case, this component becomes value -destroying, and more attention should be paid by the
management. In this region, th e value driving parameters may be responsible for the poor performance.

Based on Fig. 1 [27], the sensitivity analyses can be conducted to select the relevant value -driving
parameters describing the projectAs total ri sk the best

Based on Fig. 1, the occurrence of a harmful event can be determined. If the probability distribution function

is identified properly, the probability of the value -driving parameter becoming value destroying is
calculated. If the probability density funct ion of occupancy ( f(x1)) is known, by integrating over minus infinity
to B(x1), one can determine the probability ( P) that the value of the value -driving variable is less than the
break -even point (7). Thus, the variable deviates sufficiently in the negati  ve direction to render the project
value-destroying. Finally, retrieving the probability of becoming harmful to the project is the ultimate aim

of this process. Let us assume that the random variable follows normal distribution in Fig.2. [28] The
probability when changes in parameter X, are over B(xn) is calculated by Equation (4). The project manager
is interested in the probability that changes in parameter Xn are larger than B(xn).
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4, Extending traditional project risk management process

Let us consider the traditional risk management  process, review the basic steps, and complete the process
based on the integrated concept after an evaluation.

Udn the PMUAs standard work the integrated risk managem
portfolio (or program) [3]. The owners and the managers o f risks are at different levels and are in various

clusters of projects. Certain risks are within the boundaries of the project, some others lie outside the

project, but still inside the organization, and there are ones outside the organization. These risk S must be

identified and handled at the right level, and by the proper risk owner. The point in managing projects in

an integrated way is to gain the highest value for a level of risk exposure, that is, the positive effects of risks

should exceed the negat ive ones. Here it must be emphasized that the risk owner is not the owner of the

project, and they have different interpretations. In our suggestion, the owner has as special a role in project

risk management as in the theory of finance. Therefore, in the integrated concept, the extensions of the

risk management process are based on the owner itself.

4.1. Plan Risk Management

In the Plan Risk Management phase, the risk management method must be selected along with the risk
itself, and how important it is to  the stakeholders and participants. All the subsidiary risk plans must
conform to the global project risk management plan. The degree, the type, and the visibility of risk
management are defined by the scope of the process and who are involved in it. The p lanning process is
affected by the integrated risk model. New types of risk assessment points must be scheduled, which will

be part of the risk management plan. As the PMI (2017) states, the risk appetite of stakeholders including

the owner is recorded in the risk management plan [3]. The appetite for risk is quantifiable and measurable.
The integrated model is in line with this condition.

4.2. Identify risks

In the phase of Identify Risks, all the individual and global risks are identified and documented. The
organization reveals the sources of overall project risks. The identification process is a continuous activity
during the whole life cycle of the project. All project stakeholders are encouraged to introduce new
individual or global risk sources into the risk manageme nt process. The PMI (2017) highlights project
manager, project team members, project risk specialist, customers, external experts from application area,

end user, operations managers, stakeholders, risk management experts as relevant stakeholders [3]. Ther e

is no doubt that these participants have an i mportant
significance is not outlined, as the integrated model i
requirement. The risk register, which conta ins a list of risks with their size and complexity, differentiates

the causes and effects of ri sks. To |ist the risk 1in
recommended.

4.3. Perform Qualitative Risk Analysis

The phase Perform Qualitative Risk Analysis is responsible for ranking project risks. The ranking process
can be conducted in many ways, organizations even possess their own special methods, but all the methods

are built on the assessment of probability of occurrence and the impact on the project. There is no
difference between the principles of qualitative and quantitative methods in this sense. This process has to
rank the risks by weighting the impacts with the probabilities using soft methods. One of the most
important step of this process is risk categorization. Recently, widely used project risk management
methods apply risk categories to identify the most important risk sources. Categorization can be conducted

in several ways, finding common characteristics or root causes. Once a  group of risks with the highest
exposure is identified, greater attention can be paid to it. The Probability and impact matrix, and the
Hierarchical charts are typical category -based tools for risk management. The Probability and impact matrix
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can be created for each objective. The matrix helps graphically to categorize the risks into groups in the
dimensions of probability of occurrence and impact. If the categorization is conducted by three dimensions,
the two dimensional matrix is insufficient. Hierarch  ical charts display risks in two dimensions by the two
axes, but the size of a graphical figure (usually disks, bubbles) represents a third dimension (e.g., acceptance
level).

4.4, Perform Quantitative Risk Analysis

The multi -dimensional concept of qualita tive risk analysis underlies the phase Perform Quantitative Risk
Analysis. On the one hand, this phase is optional, on the other hand, the analysis is numerical here.
Quantitative risk analysis enables a reliable evaluation of risks. Frequently, the quanti tative process is
required by decision -maker stakeholders. The prerequisite of this assessment is the availability of relevant,
quantifiable ratio scale data. A fundamental question in this phase is how to analyze the collected data. The
analysis is usuall y based on simulation that determines the effects of risks, sensitivity analysis, or decision
tree analysis. In a special sense, the integrated risk assessment method is in accordance with the phase of
qualitative risk analysis. Therefore, the integrated r isk management process must be conducted in this
phase. The categorization of risks is a typical step for performing quantitative or qualitative risk analysis.
Letus refertotwo up -to-date cases of how researchers established a sophisticated risk managem  ent model
with risk categories.

4.5. Final phases

In the phase Plan Risk Responses, to address project risks, activities for the plan and documents had to be
defined. The responses include reviewing options, choosing strategies, and triggering actions. Pro perly
selected responses are responsible for exploiting opportunities, and reducing threats stemming from risks.

The project team including project manager selects the sufficiently important project risks, and gives the
appropriate response. The appropriat e response can be selected from a set of strategies. It is important to
understand what the effects of the risk in question can be. If there are threatening effects, the project
manager can escalate, avoid, transfer, mitigate, or accept it. If there are op  portunities, very similar tools are
to be employed: escalate, exploit, share, enhance, and accept. The last two steps are the phases of
Implementing Risk Responses and Monitoring Risks.

5. Conclusion

To deliver successful projects, projectrisk management seems inevitable. The paper introduces the concept

of an integrated project risk management process that takes an unusual aspect into consideration. The
fundamentals of the model are introduced and presented. This study extends the risk manageme nt
process, describes what the phases of the project risk management process are, and how to conclude the
assessment with the value -based risk monitoring framework developed by the authors. In this paper, the
traditional risk management process is extended  with the value -based approach, where risk factors are
measured on a linear scale. The suggested model handles the time  -varying feature of risks as well, namely,
the uncertainty of the occurrence of a risk changes as time passes.
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Abstract

The study examines previous literature on the impacts of poor risk management in construction industry,

with specific aim of identifying the causes of poor implementation of risk management in construction
projects. This is because the concept of risk mana gement has attracted much attention in recent years and
that researchers and research bodies, be it corporate or government that try to formulate remedies to poor

risk management should begin with an understanding of the causes and impact of poor risk mana gement.
The totality of risk management in construction industries include the identification, measurement and
prevention of all likelihoods of negative outcomes. The study is conducted with reference to existing
theoretical literature, published and unpub lished research. The study is mainly a literature review/survey
on the cause and effects of poor risk management. One of the primary findings emanating from the study
reveals that empirical studies have identified several important factors which causes poo r risk
management; such as project delays, project failure, reputational damages, and loss of profit, material
scarcity, and inadequate project accountability amongst others. The study explores the causes and effects

of poor risk management in construction  projects and presents a robust background on the theories of
poor risk management. This study will enable contractors, stakeholders and construction risk managers to
achieve better result and quality projects.

© 2020 The Authors. P u livérsitysof Technology ar8l Ecbreomies K Diarkbnd Congress Ltd
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: construction industry, construction projects, risk management

1. Introduction

Impacts of poor risk management in construction projects represents an important topic to study, some of

the contracts or projects such as the construction of roads, hospitals, recreational facilities and schools are
intended to improve the overall quality  of life of the population residing in the jurisdiction of a particular
municipality. However, with poor risk management to mitigate risks such as fraud, corruption and poor
selection of competent service providers, most of the projects have either delayed or have completely failed
[1]. In the period of progressive globalization, it's difficult to avoid risk, which has become an essential a
part of daily life. Risk exist everyplace, in each aspect of our life. Effective risk management doesn't mean
the remo val of risk, which might apparently be the most cost  -effective possibility [2].

1.1. Overview of onstruction industry

The Construction industry is multipart in nature since it calls for technology that is different, a fair color of

the projects; a higher amount of organizational complexity, and various parties (client, permitting agency,
Insurance, Bank, Supplier, consultant, contractor, and public). It's a significant role in the economic
development of one society. Because it opens a chance for the mass ive employments to develop a
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marketplace for construction inputs providers as well as the services of its and the services delivered are
feedback for various other sectors. As a result of the overwhelming investment of its, it is viewed as an
economic upli fting of a nation. which is the reason why developing countries also invest in infrastructure
development to improve their infrastructure status that's utilized to participate in the globalized world [3].

The construction industry plays a tremendous role i n the economic system of developing countries. For
instance, in several developing nations, significant construction pursuits account for approximately eighty
percent of the entire capital assets, ten percent of the GDP of theirs, as well as over fifty per cent of the
money invested in fixed assets. Additionally, the Industry gives heavy employment opportunity and
contribute considerable role to the economy of developing countries next to agriculture [4].

1.2. Risk management in construction projects

Construction projects contains numerous types of risks, including natural risks with climate systems
(hurricane, typhoon, flood, etc.) along with geological methods (earthquake, volcanic eruption, geotechnical
issues) along with human risks associated with a pol itical, economic, financial, legal, well -being, managerial,
complex, cultural and social dynamics [5]. Construction projects are extremely susceptible to risk due to
higher spending, advanced interfaces, a range of stakeholders, integration of technologies , and materials,
along with stringent timeframes. These problems are starting to be more and more complicated in the
contemporary construction industry and related to other variables such as contractual, technical, and
financial demands [6]. The constructi on is a risky industry, but plays a crucial part in turning the economic
progress of developed and developing nations so management of risks in construction projects was
recognized as an extremely crucial procedure to be able to accomplish the project goal s in the terminology
of the time, safety, quality, cost, and environmental sustainability. Identified risk management as a key tool

in order to deal with construction risks and to overcome problems of task failure. Identified risk
management as being a man agement tool which aims at finding energy sources of uncertainty and risk,
determining the effect of theirs, and developing proper management responses. Moreover, risk
management in the building project management context is a systematic and comprehensive method of
determining, analyzing, and responding to risks to get the project goals. Risk management establishes the
failure or success of construction projects [7].

Risk management is the summation of all systematic methods a company puts in place in orde r to reduce
the likelihood of any threats and harms that may arise from uncertainties [8]. It involves the identification,
measurement and response to project risks [9]. Various international and standardized organizations like

IEC, PMI and PMBOK have agreed on risk identification, assessment, treatment and review of risks as the
Three steps involved in risk management.

Uncertain
project

outcome Kisk
—_ i :
identification |
-~
Risk

assessiment = =
Certain
project

outcome
Risk response ———»

Fig. 1. Steps involved in risk management
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2. Impacts of poor risk management in construction industry

Risk management is a major aspect that can either influence a construction project positively or negati vely
depending on how it is done. A good risk management protocols when followed can lead to high capital
value, better competitive advantage, maximum market profit margins, and good shareholder equity. In the

same way, a poor risk management which involve s the use wrong tools for risk management and control,
inadequate utility of required management processes, poor quality of management and assessment can

lead to big calamity in any construction project set  -up [10]. Not regarding risk chances in a project can result
into financial loss, bitter relationship between company/client and even a complete project failure. Hence,

at the point of actions, when major elements are missing or lacking cases of project delays, reduced project
quality and loss of company reputation are inevitable [11]. The various impacts of poor risk management

are described below:

2.1. Overgrowth of project cost

Bad risk management results in the skyrocketing of running costs of a project work when the internal and
external incongruences of the project cannot be well managed. Also, when construction bodies are not
mindful and do not forecast the risks which can evolve from the execution of a contract, unreasonable and
unplanned expenses like emergency and maintenance costs tend to creep i n. This by-costs reduces how
major plans are to be properly funded hence bringing down the overall quality of the stakeholders and
managers goals [11]. Secondly, looking at the contractors and labour force side of view, most cost
increments whichoccuron -si te are as a result of wvarious changes
understanding of the risks that can be incurred from specific clients can further encourage acute deviations

from the already laid -out expenditure plans. Newly motivated inte  restin trending materials or labour from
customers and clients causes higher pay rates which if not smartly overseen, can raise overall project costs
wildly [6]. Poor risk management leads to overspending and thereby might cause the construction body to

run into debt if not properly controlled. Risk management swallows a lot of expenses but the cost of dealing
with the consequences of poor risk management is far beyond the former. It pushes the project team to

look for more money which has not been budget ed for elsewhere in order to prevent the project from
failing. Budget overruns therefore occurs when associated risks and their consequences are not budgeted

for from the initiation of construction works [10].

2.2. Project delays

To a layman, delays happen when agreed date for completion or delivery of a project is past and the project

is still not finished. Unanticipated and unpredicted risks which arises as a result of poor risk control
strategies can reduce the speed of a work -plan because longer period is now needed to track, analyse, and
correct this newly developed set of project risks. Project hold -ups or delays can also arise when risk
management plans take longer periods and then push out other plans of the construction pro ject.
Therefore, risk management plans have to be responsive, efficient and most importantly timely and fast in
order to overcome cases of project delays [12].

2.3. Project failure

Fundamentally, the worst -case scenario of poor risk management is project failures. It leads to invaluable
output or production, waste of time, resources and thereby making the aims and objectives not achieved.
When industrial risks are not foreseen, especially for new and innovative ideas in technological and
construction circl es, the project fails out -rightly. Each and every wrong risk management step taken by the
administrative levels and stakeholders has a negative impact on how the products are delivered. Risks can
destroy the profits and benefits of a project in an instance or gradually kills the profit of a contract till the
construction bodies runs into debts or big losses and the project thereby fails and is closed [13].

2.4. Loss of interest in the laid down management methods

Generally, as a result of the human nature of the labour, when projects fails as a result of poor management
decisions, the engineers and the low -level workforce can lose interest or focus in the methods with which
they are instructed to follow. This furth er causes poorer output quality and low productivity because the
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labours are no more working according to the standard of best practice [12]. This loss of interests in the
method or tools is also referred to as poor user adoption. It arises generally when the process of risk
management is very bureaucratic and unnecessarily procedural; making the workers to design shortcuts

for standard processes to keep the project on motion. From the managerial point of view, It also happens
when the process is highly adv anced, robust and rigid forcing the project supervisors and managers to
adjust these risk management plans to create avenue for on  -site changes [10].

2.5. Reputational damage from customers

Poor risk management often result into a significant reduction in the confidence of customers or clients for
a company. These dis -satisfied customers in themselves pose another financial risk towards the company
since one bad response or review from them can deter the image of the company. Therefore, serious
attention m ust be given towards poor risk management and control strategies employed by an industry.
Generally, clients do not like to be attached to establishments with high potential of risks in execution of
projects. The consequences of poor risk handling do noto  nly make clients to see the company badly, it also
makes even sponsors and donors to move their businesses towards other competing industries. They are
likely to bring down the reputation of the former companies they have worked with thereby making it hard

for these companies to re -build their trusts in the long run [14].

2.6. Loss of profit

Financial risk management also includes system of double -signature requirements for checks, invoices,
payables, stringent counting procedures. Inadequacy of protecting against embezzlement , theft, and fraud
during a project execution because of porous administrative system can le ad to potential profit loss. The
quality of financial analytics and business risk assessment can determine how a project team make its profit

or loss. Companies which have not employed proper risk mapping, identified the regularity of risks or
evaluate ris ks based on significance cannot clearly notice the border line between profit and loss. Other
channel of profit loss stems from expense related risks, cost increase, cost of reclaims and rework,
employee -related risks etc. [15].

2.7. Materials scarcity

Scarcity of materials are common in construction projects. Lack of organizational plans in the procurement,
transportation and records of construction materials can result into scarcity of material or impromptu finish

of the materials. The choice of location to get the materials, poor estimation of the material quantity,
inconsistent demands in the managerial cabinets, unforeseen government restrictions are all management
factors that can lead to scarcity of construction materials. In more complex projects, when less quality
logistics are put in place by the risk managers, the labour force tends to waste most of the materials thereby
leading to the expiry of some materials, underutilization of some materials and complete consumption of
other materia Is before another agreed time of a new order [16].

2.8. Equipment damages

The risks involved in the use of engineering tools and technological machines employed for building and
road construction can be minimized if proper plan is channeled towards the tr aining of personals.
Unfortunately, most construction agencies make use of unskilled labors to achieve their goals; hence, this
lack of good human risk cover or management scheme can result into life damages to the workers as these
machines pose serious an d injurious threats to the lives of the untrained workers. The cost of repairing
damaged equipment also creates another minus in the overall project cost and it is as a result of poor risk
management plans [17].

2.9. Improper use of labour

Talent acquisition and management are perhaps the most critical parts of the human resources
department of any construction agency. Generally, improper resource planning and recruitment program

may lead to overstaffing or understaffing and a mistake in the recruitment pr ocesses could lead to hiring
the wrong people for your company, improper placement of workers for uncomplimentary jobs and
underutilization of labour potentials  [18].
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2.10. Inadequate project accountability

Another impact of poor risk management is inadequ ate project accountability. An unclear view of the
interdependencies between the projects, the benefits, and the criteria against which success will be judged

can result into bad project accountability. It is imperative that a leader can work well with you r team. When
tasks or goals are not met to standard, there should be ramifications. Rank tasks by priority and assign
them to the most proficient individual in the clearest way possible [14].

2.11. Fear to explore new ideas

Many managers sometimes think ideas donAt solve criti
between the project team is not smooth. Hence when ideas from the workers or another low scaled labour

takes too long to get to the decision board or gets to o long to be acted upon, others become fearful to

suggest new ideas. Also, risk management firms with slow decision cycles kills innovative ideas and thereby

discourage others from voicing out their ideas  [19].

3. Lesson | earnt

This review work has helped to itemize various impacts of poor risk management through integrative
research. It is hoped that this work will help researchers to tackle the various uncertainties in the field of
construction projects. Poor management strategies can lead to bigger cons  equences or impacts. Other
impacts of poor risk management include creation of negative working environment and underutilization

of opportunities.

4. Conclusion

This work is a theoretical approach to increase the understanding of risk impact on constructio n projects.
This will create a more effective risk management practice and help the identification, assessment and
control of risks. Unplanned expenses, project delays, project failure, loss of profits, cost overgrowth are

the major risk impacts identifie d while improper use of labour, materials scarcity, inadequate project
accountability can be classified as the minor construction risk impacts identified in this work. A good risk
management protocols when followed can lead to high capital value, better co mpetitive advantage,
maximum market profit margins, and good shareholder equity.
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Abstract

Communication is an essential subject to the built environment and it generally presents special challenges.

This is mainly true within the construction industry, were collaboration tends to be characterized by
unfamiliar groups of people coming together for short periods before disbanding to their respective
construction tasks, moreover the industry is dynamic and complex, which makes communi cation by
industry leaders important. The study aimed at establishing the influence of different communication
factors on leadership development in the construction industry. The study adopted the Delphi survey
system of data collection to examine the stud y objective. Delphi experts (Construction specialists and
researchers) were engendered from peer -reviewed conference proceedings and the South African
construction industry professionals' database. The appraisal of different communication factors was done

by identifying the influence of each communication factor on leadership development; these factors were
measured between no influence and very high influence. Data collected were analyzed using mean item
score and interquartile deviation. Of the different communication attributes evaluated, the ability for
leaders to develop active listening skills had a high influence on developing communication attributes for
leadership development in the construction industry. The article contributes to the frame of know ledge on
leadership development and communication in the construction industry.

© 2020 The Authors. Published by Budapest University of Techn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: communication, construction management, | eadership

1. Introduction

Construction industry leaders serve as main channels to communicate values, strategic changes, and
encourage followers within any  organization. For example, [12] stated that communication is not only one

of the key aspects of leadership performance, but that leadership can be seen productively as a
communication process, and some say leadership is communication [3]. In this study, th e focus is on the
communication attributes that are interlined with leadership. There has been little research on the
relationship between leadership and communication, despite studies confirming the importance of the
topic, indicating that leaders who pay attention to their communication are more effective agents of change
than those who do not [3]. Besides, superior communication styles are linked to their subordinates ' levels

of satisfaction [12] and motivation [3]. The research article appraised the De Iphi experts' views on the
influence of different communication attributes on leadership development within the construction
industry.
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2. Communication and | eadership

According to Kautilya an effective leader has the highest qualities of leadership, int ellect, courage, and
personal attributes. His research has given a lot of emphasis on communication by leaders. Communication
implies effectively reaching and communicating clearly to the targeted audience. He further cited various
scenarios where appropri ate communication is required to get the things done. It is also important to note

that a leader should always demonstrate the right kind of expressions and gestures while communicating.

He stated 5 'must have' qualities in a leader, and they are - Visionary, Strategist, Able administrator, effective
communicator, and Team Player [5]

Kings and rulers of earlier times can be compared with business leaders of today in most aspects of
leadership. There are numerous books, essays, and dissertations on leadershi  p than any other subject of
management. The sheer volume of research and writing on the concept of leadership tells us that this is
neither a subject that can be easily defined nor will there be a great deal of consensus. There is only one
thing for which all these authorities agree, i.e., effective leaders are also effective communicators. However,
the opposite is not universally accepted, that good communicators do not necessarily make good leaders

[4]. Leaders can achieve success by combining a clear vis ion of the way forward, honest communication,
effective teamwork, and demonstrating that they value the people who work for them.

In these testing times, survival can depend upon being able to keep close to the 'skin' of the business,
managing costs tightl y, and preparing for the upturn when it comes and for that to happen Leaders need
strong communication skills so that they can deal with anything that comes their way [8]. In the construction
world, excellent communication is vital for the daily operation of the industry, but can also affect sales and
profitability. Without excellent business communication, the internal and external structure of a
construction business can face numerous challenges that can ultimately lead to its demise [4].

Bennis describe s the skills of a leader as four management competencies. Central to each of these
competencies is effective communication. This includes: Management of Attention: this describes how
leaders encapsulate a vision, which other people can endorse and buy into as their own. Management of
Meaning: Ability to communicate clearly and successfully. Management of Trust: It binds the followers and
leaders together. Management of Self: This is what gives leader credibility [9]. Most management training
focuses on proc esses and procedures, which, on its own, is inadequate. Managers and those in positions
of leadership need to know how to get the best out of the workforce, which requires a combination of
awareness and excellent spoken communication skills.

Whether someon e is talking to colleagues or customers, discussing clients, or asking for a promotion, there
will be aspects of the interaction that would have had a more significant impact if they were better
communicated. Moreover, Managers and other business leaders m  ust also know how to listen, and in order
to motivate and influence those around them, those in leadership roles must also have the capacity to
"negotiate”. However, with effective questioning and open body language it is possible to establish the
goodwill of the other party who is then more likely to be motivated by what has been said if they feel that
their point of view has been taken into consideration [6]. It is impossible to become a great leader without
being a great communicator [2]

It is essential to give emphasis and understand Nonverbal communication, because words only constitute
7% of the communication and 93% covers gestures, facial expressions, and body language. The meaning of
non -verbal communication is not to be found either in words or th e accompanying actions, but rather in
the relationship of each other, and also in the context of the situation in which they occur. Nonverbal
communication becomes the yardstick against which words and intentions are measured [5]. If you want

to become a b etter communicator, it's vital to become more sensitive not only to the body language and
nonverbal cues of others, but also to your own [9]. Considering that communication is essential in human
life, a thorough knowledge of the processes and practices of  non -verbal communication can help managers
to enhance the communication.
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Effective communication skills are an essential aspect of any leader's portfolio of skills and experience [7].
Effective communication skills are tantamount to the success of an organization. Thud making Responsible
leaders who communicate effectively. These responsible leaders work hard to prevent bottlenecks and
assist keeping the communications channels open throughout the organization by (1) Establishing an
appropriate working climate and adjusting their communication behavior to fit the situation. (2) Practicing
techniques to improve communication in their organization. These leaders communicate strategically,
translating important business objectives into terms through which employees readily understand their
value. Communication skills are increasingly regarded as a critical skill set for leaders, particularly in
situations where the leader is an instrumental driver of change [10]. It is, therefore, critical for construction
leaders to keep enhancing their communication skills.

3. Methodology

The Methodology Section details the approach used to assess the effect of different communication factors

on the growth of leadership in the South African construction industry. A Delphi survey was conducted
amongst 13 experts (academics, built environment professionals and business owners) in the South African
construction industry. A Delphi study is a group evaluation instrument compelling qualified experts who

have an understanding of t he subjects at hand [1]. Each expert was required to meet some of the following
criteria; Knowledge: Knows construction management and project management; knowledgeable in
leadership re -search; knowledgeable in the field of management theory. Academic Qual ification: A degree
related to any field and has had occupation and experience focusing on infrastructural development issues,
psychology, construction management, project management, and social sciences. Experience: Previously

or currently performing cons ulting and contracting services within the construction industry or any related
infrastructure projects. The experts should demonstrate a high degree in the subject matter and also have

an extensive theoretical understanding thereof. Research: Has research  ed leadership and management
issues. Membership: Member of a professional organization or represent such an organization. Finally,
Enthusiasm: Panel members must be eager to participate entirely in the Delphi study.

The recommendations of [11] were assume d for the current study, whereby they stated that respondents
should be enough to consolidate the expert views successfully, but not so large as to analyze the results
uncontrollably. With regards to the criteria, five of these criteria items were measured than the customarily
advocated two. Experts were required to be in managerial positions and also have an understanding of
leadership development. The initial Delphi survey was made up of 20 experts comprising academics and
construction professionals who w ere randomly selected based on the criteria. The experts applied their
knowledge on the leadership concepts raised through the developed questionnaire. From the 20 experts
requested to participate in the Delphi survey, 13 responded and completed all the th ree rounds. These
amount of experts was considered sufficient grounded on the literature recommendations from scholars

who have previously employed the Delphi technique, whereby they cited that, it is viable to have between

6 and 16 experts, this makes 13 experts as seen in the current study reasonable [11]. Likewise, experts were
asked to rate the impact factors influencing communication for leadership development in the construction
industry as shown in table 1. Data attained from the survey instrument we re analyzed from Microsoft Excel.
The output from the analysis was a set of descriptive statistics whereby the mean items score and
interquartile deviation (IQD) were determined through a scale that reflected no influence, low influence,
medium influence, high influence and very high influence.

4. Findings

Results from the Delphi survey shows the (11) listed communication measurement variables, that were

recognized by the experts as influencing communication for leadership development. When assessed,

findi ngs revealed that 10 of the 11 measurement variabl es
score (See table 1), and one variable did not achieve the consensus. The 11 variables reached the median

score of 7 or more, which implied a high influence  (HI: 7-8.99).
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Table 1. Attributes influencing communication

Leader sé M Mean SD 1QD
é demonstrate active |listening skill s829 0.61 0.00
é communicate in a clear manner 8 8.14 0.77 0.00
€ communicate in a precise manner8 8.14 0.70 0.00
é demonstrate effective written @ommu82lcati on 838i | 1090
... seek to understand others' verbal and non-verbal communications 8 7.79 0.83 0.00

é share information appropriatel 8 amo80d st akeh@d6de rodo

Ability toé

é communicate the organization's8miss8ldn and vO&i onl00

é provide feedback to the subordiBnat e&36 0.70 0.00
é ask team members constructive Quest82ans 0.87 0.88
é demonstrate confidence in publ 8c sp#&/Eking 0.68 0.00
é be a story teller 8 6.57 1.87 3.00

Findings from the survey divulged that the following 11 communication dimension variables were
contemplated by the experts to have varying influence on leadership development in the construction
industry.

Y demonstrate active |listening skills (HU)

Y ¢ o nmivate in a clear manner (HI)

Y communicate in a precise manner (HU)

Y demonstrate effective written communication skills (HU)

... seek to understand others' verbal and non  -verbal communications (HI)

share information appropr)iately among stakehol ders (HY
communi cate the organization's mission and vision (HU)
provide feedback to the subordinates (HU)

ask team members constructive questions (HU)
demonstrate confidence in public speaking (HU)

be a story teller (LU)

From the impact assessments of t he factors; findings discovered that 10 of the factors had high influence
towards leadership development.

O S G G G

5. Discussion of findings

Leadership is the most dynamic resource in the construction industry. Moreover, findings about
communications indicate that is important to have the different traits as leaders in the construction
industry, it further shows that communication training is paramount. Without adequate leadership
communication, the industry will not be effective. This section bestows the discussion s of the findings from
the Delphi survey on the impact of communication variables on leadership development in the construction
industry. Results reveal demonstrating active listening skills and the ability to communicate the
organizations' mission and vis ion are fundamental for leadership development and this corresponds with
the work by [11].
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Further findings disclosed that it is essential for construction mangers and personnel to have the ability to
provide feedback to those you are leading and this no  tion supports the effort by [12]

6. Conclusion and r ecommendation

The objective of this article was to evaluate several communication factors that influence leadership
development in the construction industry. This was done using the Delphi survey techniqu e. The study
shows that communication has a high level of impact on leadership development. This study offers a strong

base for communication and leadership development research in the South African construction industry.
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Abstract

The paper presents introduction to a study on the barriers to the implementation of information and
communication technologies (ICT) in construction. In the study, we compared the ICT use in construction
with some other industries - as reported in the literature and some industrial studies. We challenge the
conventional wisdom that construction industry is not being rational in its choices to adopt (or not) various
ICTs. We approached the issue from several methodo logical frameworks. In the paper we structure the
reasons along the PESTEL framework. We examine each of the factors and suggest how they could be
overcome. A survey has been designed and executed among the members of the Advisory Board of the EU
Digiplace project. The results show that the industrial partners are less critical of the technology migration
problems than researchers. The paper concludes that there is a need for a better way of deployment of
and learning about new technologies that would benef it small and medium enterprises Zz the lag in
productivity growth is largest there. This could be implemented in the form of industrial platforms in the
context of the developments of the Industry 4.0.

© 2020 The Aut hor s. PunivérditysohTechnology and Ecdreomies € Diamond Congress Ltd
Peer-review under responsibility of  the Scientific Committee of the Creative Construction Conference 2020.

Keywords: information and communication technology, technology adoption, construction platforms, construction
industry

1. Introduction

Information and communication technologies (ICT) are one of the most rapidly developing fields of
technology. They influence not only the closely related software and computing hardware industry but all
sectors, including construction. One of the problems  that the construction research community is facing is
how closely it should follow these developments and which to augment for use in construction.

The construction industry too faces many challenges when making decisions on deployment and
investments in ICT. Many (Brandon and Betts 1997, Turk 2000, Stouffs and Krishnamurti 2001, Amor at al.
2002, Sarshar, 2004, Flood, 2004, Yan, 2008, He, 2012, Chan, 2014, Mtya, 2019) have claimed that the
penetration of modern ICT into the construction industry lags wel | behind the inventions of the research
community and elaborated on the reasons for this.

While certainly valid and influential, what those reasons have in common is that they are looking for the
causes outside of the construction information technology.

The hypothesis in this paper is that the construction sector is being rational about its adoption of ICT and
that should we want to increase the use of ICT, a better delivery mechanism needs to be found. It could
find an example in the delivery mechanisms f or the general, popular information technologies, people,
including construction professionals, use on a daily basis.
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2. PESTELanalisys of the barriers

A PESTEL analysis (Professional Academy, 2020) is an approach originally utilized by marketers to
und erstand the macro -environmental variables that have an effect on acceptance of a product, an
organization, a system. The result the examination is then utilized to recognize dangers and shortcomings
which is utilized in a SWOT analysis.

The acronym PESTELstands for the following facets of examination:

P z Political

E z Economic

Sz Social

T Z Technological
E z Environmental
L z Legal

= =4 -8 & —a -2

While the PESTEL was initially conceived to assist in marketing it, provides a framework to analyze barriers
between custom ers (such as the construction industry) and performers (providers of information
technology and other advanced technologies).

2.1. Political

These are about how and to what degree a government mediates within the economy. This may incorporate

Z government arrangement, political soundness or flimsiness in abroad markets, outside exchange
arrangement, assess policy, labor law, natural law, exchange limitations and so on. It is evident from the list
over that political components regularly have an effect on as  sociations and how they do commerce.
Associations got to be able to reply to the current and expected future enactment and alter their
showcasing arrangement appropriately.

We have been finding that in construction, policies are lacking on a project, compa ny, national and EU level
that would mandate or encourage the use of advanced ICT and make their use profitable.

2.2. Economic

Economic factors are about how a company does its business and how profits and other economic goals

are affected. The factors include GDP growth, interest and exchange rates, inflation, disposable income of
consumers and businesses etc. A distinction can be made into macro - and micro -economic factors. Macro -
economic ones are about the general economic climate in an econom Y. Micro -economic factors are about
how customers need the products and services of the company.

We have been finding that in construction new ICTs are expensive, economic advantages not understood
well enough; they are rather unfriendly, call for extensiv. e and expensive training; low profit margins and
tight deadlines discourage experimentation and novelties; near monopoly status of a few software
companies.

2.3. Social

These factors represent the human and social characteristics, norms, customs and values of the people
with which the business is involved with 7 including its own staff, partners and customers. These factors
are believed (B2U, 2016) to be particularly important when targeting certain customers or constituencies.
Additionally, these factors m ay include the attitudes of local workforce.

We have been finding that in construction there are some rigid and conservative practitioners, caution,
unwillingness to learn, and widespread resistance to change that slow down the progress.

2.4. Technological

These factors are about technological innovations and how they affect the operations of the business and
its industry. It refers to the level of innovation, technology incentives, automation, technological change
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research and development (R&D) activity, a nd the amount of technological awareness that a market
possesses. These factors may have an impact on decisions to pursue or not pursue certain business
opportunities, enter or not enter certain projects and domains. Awareness of what is going on technolog y-
wise impacts medium to long term strategic decisions of businesses.

We have been finding that in construction technology is rather unfriendly, often lacking compatibility and
interoperability. Standardization has not been fully achieved. But generally, it is seen less of a problem than
other elements; OpenBIM in not fully realised, implemented and adopted.

2.5. Environmental

Environmental factors have been gaining attention rather recently with the increasing awareness of global
warming and th e need to address them Zz both in terms of mitigation as well as prevention. They are also
important in the light of scarcity of raw materials, pollution, as well as carbon footprint targets set by
governments. These factors include objective ecological and  environmental aspects such as weather,
climate as well as the attitudes of the people related to a business both as employees and customers.
Therefore, many companies are increasingly involved in practices such as corporate social responsibility
(CSR) andsustainability.

In construction we are finding that environmental policies (such a fighting climate change) are not a barrier
but, on the contrary, a motivational element to include new technologies.

2.6. Legal

While there may be some overlap with the pol itical factors, these factors include specific laws and
regulations that impact that particular business. This is not at all limited to what is legal but is mostly about

how regulations frame the business, its relations with customers and partners. Under t his heading also
standards, both the mandatory and the industry adopted ones, are included.

In construction we are finding that there are unsolved legal, copyright, and related IPR issues of working in

a digital environment. Guidelines and regulation what  the BIM centred process should look like are not
generally available.

3. Survey

In the context of the Digiplace project a survey has been conducted among several companies across
Europe. One of the questions was related to barriers of use of advanced digit al tools such as BIM, 3D
printing, thermal scanning, GIS, 3D modeling, etc.

When asked 3do you use other more advanced digital
and yes 143 and in the questions of why don't you use more advanced digital too Is, those that responded
cited the answers as shown in the figure below:

. You don't see any added value... 17

Technical complexity (lack of d... 10

. Cost-related issue (too expens... 12 10
@ No time for training 12 g
. Lack of knowledge on what to... 2 :
@ Other 7 -
' ]

Figure 1. Why advanced ICT is not used mor e as per first Digiplace survey?

[S]
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Top reason as per surveyed is the lack of added value. At the other end of the spectrum seems to be access
to knowledge. The respondents seem to be knowledgeable on one hand but lacking time to learn on the
other.

4. Conclusions and discussion

Construction is lagging in productivity growth of the other sectors of the industry (McKinsey, 2017). The lag
is parti cularly large in small and medium enterprises while the bigger companies are following or exceeding
the trends of their countries. This calls for technologies and tools that help the SMEs. Platforms are such
an approach.

Past empirical and theoretical stud ies as well as initial survey of the Digiplace project have identified several
obstacles and barriers to a more intense use of ICT in construction. First and foremost, it must be
remembered that the ICT will be used when economic and competitive benefits ¢ an be demonstrated. The
efforts of policymakers, public procurement and professional associations could help in that.

Some of the efforts are already present in the EC (2019) report which recommends a rise in public

awareness for digitalizationisneeded. 3 Besi des resulting novel opportuniti e
increased pressure for businessesj (EC, 2019).
There is a broad support for 3a new and extended digi

address the issues of lack of knowle dge as it would provide a context for a more friendly technology delivery
tool and could as well provide best practices, guidelines and regulations how to organize for a BIM centered
wor kfl ow. dt is important not t o fleintagmationatubage, whidelbaing a
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Abstract

The labor productivity of a crew depends on how efficiently workers are used in the construction process.
Skills, capabilities, resources, and even perso nality affect the efficiency of the workers and may have an
impact on the productivity of their crew. This paper illustrates how the personality profiles of the workers

in a crew can be used to determine the relationship between compatibility of personalit y and productivity.
Masons working in eight live construction projects completed the big five of personality to indicate their
personality traits. Based on the personality traits, the compatibility of the crews was calculated. Productivity

at the task -level was measured to determine the performance of the crews. Various statistical analyses are
performed to establish the relationship between compatibility and crew productivity and the true value of

the coefficient (and its likeliness). The results indicate  that there is a high positive correlation between
compatibility of personality and productivity at the task  -level (i T v)WResults also indicate that in the
worst case scenario, there is a moderate correlation between compatibility and productivity @
T probability: 0.728 ). The implications of the relationship for managing crews in construction projects is
discussed.

© 2020 The Authors. Published by Budapest University of Technology and Economics & Diamond Congress Ltd
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: compatibility, crew productivity, p  ersonality, productivity, statistical analysis

1. Introduction

The productivity of a crew is fundamental to the success of any construction project. Crew productivity can

be affected by numerous factors such as site characteristics [1] use of resources [2 ], management practices
[3], and crew motivation [4]. Additionally, personal characteristics and the interrelationship between the
workers in a crew also affect productivity [5]. One of such personal characteristics is personality.

Personality is used to describe behavioral regularities and the underlying structures, dynamics, processes,
and tendencies of an individual [6]. When working in crews, the personality of the workers is combined and

this often affects productivity [7]. Productivity is expected to be higher in crews in which the workers have
compatible personalities. However, this assumption has yet to be tested in the construction field and in real

live construction projects. In masonry construction, the compatibility of personality among the work ersin
a crew plays a key role. Masonry is labor intensive and masons have to constantly coordinate when to raise

the line to complete a course. This results in constant interactions between the workers in a crew.
Therefore, the success of a crew to work t ogether and achieve high production rates might be impacted by
the adequate combination of personality of the workers in the crew.

Personality dimensions are used to understand relationships and interactions between individuals, as these
are a function of the personal characteristics of individuals [8]. Personality dimensions have also been used
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for describing and predicting attitudes, behaviors, fit, and performance in many organizational settings [6,
9,10,11,12, 13]. A number of studies in construction h ave identified personal characteristics in crews that
contribute to performance such as cohesion, motivation, affection, cooperation, and trust [3, 4, 5, 14, 15].
Other studies have gone further and investigated the effect of personal factors on performanc e such as
personal confidence, job satisfaction, and self -organizing [16, 17, 18]. The effects of personality on teams
and organizations have been studied for evaluating commitment, job satisfaction, attitude, and retention

[3, 19, 20].

Personality is a ps ychological construct often used to describe the structures, dynamics, and tendencies
that bring about behaviors and attitudes in individuals [21]. The personality of individuals is usually
described in five dimensions (O=openness, C=conscientiousness, E=e xtroversion, A=agreeableness, and
N=neuroticism) in a widely accepted theory among psychologists [22]. When individuals are grouped in
teams, their personalities combine, and forming teams should follow a psychological approach. In other
words, teams shoul d be formed so that the different members in the team are compatible so that there is

no conflict and workers can worker better together to increase their performance [11]. If it is expected that
workers that have compatible personalities work better toget her and achieve higher performance, a
manager on site would need to group workers with an adequate combination of personalities, as this can
help the team be more productive.

However, the current construction literature has yet to determine and quantify th e relationship between
personal compatibility and crew productivity in actual real live projects. Factors that have been investigated

that influence crew productivity are typically technical factors such as skills, capabilities, and qualifications.
These factors typically have a low variation, as it can be assumed that the workers have the minimum skills,
capabilities, and qualifications to be working on a construction site [23]. Since productivity has a high
variability, it can be assumed that there are fa ctors that also have a high variability and that can be used to
explain such variability in productivity. This study explores whether personality and the compatibility of
personality can explain some of that variation. To help determine the relationship, t his study explores in
isolation whether personality and the combination of personality between the masons in a crew has a
relationship with productivity.

2. Model components
2.1. Compatibility of personality

In this study, compatibility was defined as ate ndency of a crew to share similar personality characteristics.
To measure similarity, the average of the dimensions of personality was calculated based on the method

of operationalizing personalities for different team compositions [24]. Because masonry co nstruction
processes are additive tasks, that is, require summing of resources from different workers to achieve
performance, the mean level of the personality factors was the most appropriate level. The mean
guarantees that the contribution of each worker  adds to the crew and helps achieve performance.

The principle of similarity theory was used to calculate compatibility. Compatibility will assess how similar

in terms of personality the workers in a crew are. For this, it is assumed that workers with sim ilar
personalities are more compatible that workers with dissimilar personalities [25]. For calculating
compatibility, explicit comparisons were used to measure similarity in each of the five dimensions of
personality between the masons in a crew [26]. The distance measures using the Euclidean distance were
used to determine similarity. A smaller distance reflected a higher similarity (higher compatibility) and a
greater distance a higher dissimilarity (lower compatibility). For a further discussion about t his procedure,
the reader is referred to [23].

2.2. Productivity

Performance of the masonry crews was measured using productivity. Productivity is generally measured
as the ratio between the output of a process over its inputs. The single  -factor productivi ty at the task level
was used as the measure in this study [27] because it is commonly used in labor  -intensive operations such
as masonry construction [5] and it is focused on the work being performed at the task and crew levels. The
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work output was the qu antity of composite cavity wall construction (measured in m  2) completed per crew
on a weekly basis. The input were the work hours measured as productive time, that is, the summation of
work hours minus unavoidable delays such as weather and meal breaks. Pr  oductivity was measured during
16 consecutive workweeks using the base line methodology framework to select the seven most productive
weeks [28].

3. Relationship between productivity and compatibility of personality

This section is based on the eight masonry construction projects and results presented in [23], where 28
masons grouped in 20 crews working in the North West of England participated in the study. Data collection

was done simultaneously across the projects to minimise the variability in weat her conditions and the
baseline methodology framework was used to average the most productive weeks and minimise other
project conditions. All the projects had two -mason crews and the size did not change because workload
was stable throughout the data coll ection process. Each crew was laying masonry units and installing rebar
for reinforcement and was managed by a site manager and assistant site manager in the field. All the
masons were experienced bricklayers that had worked in masonry projects for at leas t 5 years. Table 1
shows the five dimensions of personality and a sample of the assessment questions.

Table 1. Big Five personality factors

Dimension Factor
Extraversion (E) Talkative
Reserved
Full of energy
Generates enthusiasm
Agreeableness (A) Finds fault with others
Helpful, unselfish with others
Likes to cooperate with others
Quarrelsomeness
Conscientiousness (C)  Does a thorough job
Somewhat careless
A reliable worker
Disorganized
Neuroticism (N) Nervous
Depressed, blue
Emotionally stable, not easily
upset
Remains calm in tense
situations
Openness (O) Ingenious, a deep thinker
Shows an active imagination
Prefers work that is routine
Inventive

Twenty -eight subcontracted masons working for a general contractor participated in the study. The masons
were grouped in 20 crews. All the masons were male with a minimum age of 18 years and the mean age
was 36.12 years. The experience in masonry construct ion ranged from five to 47 years with a mean of 23.3
years. The BFI adapted from [29] was completed by each mason early during the data collection process.
With the questionnaire responses provided by the masons for their individual personality profiles an d using
the Euclidean distance, the compatibility for each of the 20 crews was calculated as shown in Table 2. Note
that the range of the compatibility coefficient was between 0.36 to 0.78 (with a mean of 0.53 and a standard
deviation of 0.12). The results also pointed out different facts. Crews with a significantly elevated score on
neuroticism for a mason had low compatibility. Two masons had the highest level of neuroticism (m4 and
m23) and these two masons had little variation in their personality profi les. Additionally, the two masons
that displayed the lowest level of extraversion also had very low levels of compatibility within the crew
sample (see Table 2). Productivity data are also presented in Table 2 for the seven most productive weeks,
using the baseline productivity method [28]. Every week the productivity of the 20 crews was measured in
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the eight projects totalling about 273 hours per
1.494 m2 per hour.

Table 2. Big Five personality factors (Adapted from [23]).

Crew Masons Compatibility Productivity = Crew Masons  Compatibility Productivity

1 ml 0.55 1.36 11 m21 0.46 1.33
m2 m22

2 m3 0.39 0.96 12 m23 0.46 1.03
m4 m24

3 m5 0.55 1.23 13 m25 0.39 1.18
m6 m26

4 m7 0.65 1.23 14 m27 0.55 1.23
m8 m28

S m9 0.41 1.11 15 m22 0.46 0.99
m10 m25

6 mil 0.43 0.88 16 m21 0.50 1.06
ml12 m26

7 m13 0.59 1.19 17 m23 0.57 1.16
m14 m28

8 m15 0.54 1.17 18 m9 0.76 1.50
ml16 ml17

9 m17 0.63 1.48 19 m24 0.36 0.95
m18 m27

10 m19 0.59 1.40 20 m12 0.78 1.30
m20 ml16

3.1. Data analysis

The main objective of this study was to determine whether greater compatibility of personality between
the masons in a crew results in higher productivity. To test this, a hypothesis was establihsed:

"O: Greater compatibility in the crew does not increa  se productivity
"O: Greater compatibility in the crew leads to higher productivity

The first step in the analysis was to determine the reliability of the questionnaire responses.The internal
reliability was examined and the results displayed high reliabil ity across the factors (Cronbach alpha ranged
from 0.64 to 0.85). The second step was to perform a correlation analysis to assess the relationship bewteen
compatibility of personality and crew productivi e
Spear manAs r had) deereihds ithe direatidn and strenght of the relationship between two
variables. The SpearmanAs coefficient correlation
that neuroticism was negatively correlated w ith the other personality dimensions. Similar findings have
been reported in previous studies innon  -construction domains [31]. The strongest negative correlation was
between neuroticism and conscientiousness (i T Y)eThe most significant positive co rrelations were
observed between agreeableness and conscientiousness ( i 1@ X)wtthe 1 T8t wignificance level.

The null hypothesis was tested unsing a one -tailed test to determine whether greater compatibility of
personality leads to higher productiv ity in the crews. The Spearman correlation analysis was performed
and it showed a positive correlation between compatibility and productivity ( i T L)YPA Spearman
correlation coefficient ranging between 0.51 to 0.70 represents a good relationship and a coefficient
ranging between 0.70 to 0.89 represents a high correlation [30]. Therefore, as 18t gthe null hypothesis
was rejected, that is, the data supports the possibility of a positive correlation between compatibility and
productivity.
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Table 3. Correlation between the Big Five personality factors

Factor E A C N 0]
Extraversion (E) 1.000 - - - -
Agreeableness (A) 0.204 1.000 - - -
Conscientousness (C) 0.505** 0.575** 1.000 - -
Neuroticism (N) -0.438** -0.373** -0.686** 1.000 -
Openness (O) 0.255 0.340* 0.507** -0.360*  1.000

** Correlation is significant at the 0.01 level (one-tailed)
* Correlation is significant at the 0.05 level (one-tailed)

A bit of Bayesian statistics was performed to give a better idea of what the data obtained is telling. The

advantage of this approach is that in constrast to the common used approach (whose outcome is ap -value),

the Bayes approach gives the possibility of computing how much more likely is a hypothesis compared to
another given the col | e®ttehde dsattaat.e neentt A s3 tdnheen octoer rbeyl at i on
and productivity is exactly "} . Given any s @& tletiobe thelcartela tiom toefficiert @tained in

an experiment with this data set. The random variable 6 A O A Q Aslafgproximately normally distributed

(fromthe datawe have 6 1@ ¢ @&Jsing Bayes theorem, the probability that the correlation is larger than

0.3 (that is, the correlation is at least moderate) is (see equation 1) :

e ‘ @
n0o0 T™CEX TXCTQ" TXT QXC
8

Hence, according to the data, it is led to believe that having a correlation of 0.3 (a moderate correlation) is
twice as likely as having a correlation lower than 0.3 (a weak correlation). The reader is referred to [23] for
the calculation details.

4. Concluding remarks

In construction research there has not been a study that evaluates the relationship between compatibility

of personality and productivity. To fill this void, this paper presented an exploratory study using masonry
crews working in eight construction projects in the UK. The study was conducted with 28 masons grouped

in 20 crews working on residential projects. To determine whethe r higher compatibility of personality
between the masons in a crew leads to higher productivity, a hypothesis was developed and tested.
Compatibility of personality was quantified using a metric based on the Euclidean distance. Personality
profiles were us ed to calculate the compatibility between the masons using an adapted questionnaire
based on the big five of personality. Productivity at the task  -level was measured in the eight projects during
16 consecutive weeks. Correlation analysis was performed to i nvestigate the relationship between
compatibility and productivity.

The first part of the analysis showed that the questionnaire for assessing personality had consistency and
acceptable reliability across the factors. Further analysis showed that conscien  tiousness and agreeableness
were the personality traits that had the strongest relationship with productivity. People high in
conscientiousness plan or systematically work towards goal completion so in teams that spend a fairly
amount of time completing in  terdependent tasks, conscientiousness has a positive effect on productivity.

In the case of agreeableness, the effect of this personality trait is through interpersonal facilitation within

the team. In this study, the crews in which both masons scored high  ly on conscientiousness (greater than
5.5) and highly on agreeableness (greater than 5.3) were the crews with the highest productivity. Significant
correlations were observed between agreeableness and conscientiousness, openness and
conscientiousness, and extraversion and conscientiousness. Another finding was that neuroticism
correlated negatively with all the other personality traits and low compatibility between masons commonly
occurred when neuroticism was significantly elevated in one mason in the crew . From this, it can be
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established that crew members high in neuroticism can have an adverse effect on the productivity of the
team by disrupting cooperation.

The correlation analysis showed that compatibility of personality has a moderate positive relatio nship with
productivity at the task level. The correlation coefficient was found to be 0.724. This finding shows that
personality influence productivity and need to be accounted for by foremen and managers when forming
crews of workers. In this case, crews should be formed with workers that have similar personalities.
Although the eight projects were located in the same region in the UK, weather conditions could differ in
other geographical locations and this may have an effect on productivity that could be accounted for. In
addition to weather, other human -related factors that affect productivity other than personality (e.g. skills,
capabilities, cohesion, and experience) could be accounted for to develop a more comprehensive labor
productivity function.

This result is significant, as it shows that personality characteristics influence productivity and need to be
accounted by foremen and managers when forming and managing masonry crews. Through a series of
statistical analyses, the evaluation of the coeffici ent and is true representation of the true coefficient (of the
population) and its expected value were performed. Bayesian statistics was performed to evaluate how
much more likely a hypothesis is compared to another. It has been shown through Bayesian sta tistics,
based on the data, that having a correlation of 0.3 (moderate correlation) will be 67% more probable than
having a correlation lower than 0.3 (weak correlation). This analysis shows that compatibility of personality

and productivity are in a worst case scenario at least moderately correlated. These findings will support
construction managers, contractors, and subcontractors in the process of forming teams of workers and
structuring jobs with highly productive crews. Crews should be composed of work ers that are highly
agreeable and conscientious because personality offers unique potential for understanding and improving

team work and for better predicting productivity. A natural extension of this work is to test the relationship

with crews of larger (and different sizes) in masonry sites and other labour  -intensive construction projects.
By doing so, a wider scope of data can be analysed to further test whether the relationship still holds with
other team size and construction tasks.
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Abstract

The world is a dynamic and ever -changing environment leading decision makers to believe th  at from plan
to execution, unforeseen conditions will undoubtedly occur. The military is known to face unforeseen
obstacles while conducting the operations forcing leaders to plan deviations. The construction sector is not

far from the military in terms of  planning and executing under uncertainty. One common problem the
sector faces is delay in completing tasks and, consequently, projects. To mitigate the effects of uncertainty
during operations, the military uses control rooms in order to deal with the wor st when it occurs. Military
control rooms provide a comfortable and collaborative environment for teams to proactively anticipate,
highlight and mitigate potential plan deviations and to resolve emerging problems and constraints fast and
efficiently. This paper introduces the concept of military operation rooms to construction by proposing a
technology -based Construction Control Room (CCR) where several commercially available technologies are
integrated into one comprehensive and inclusive framework for mon itoring and controlling ongoing
construction activities. It is a collaborative space where all relevant design and construction entities are
present. Site data and requests are received, monitored, and processed directly in the control room for
proactive a nd corrective measures. Moreover, this paper presents the elements of a simulation -based tool
which outputs the required number of personnel in the CCR. Real project data is obtained from a live project

that one of the authors worked on in Western Europe. Data is used to build a discrete -event simulation
model that mimics the workflow in the real system in order to analyze the flow of information within the

room, suggest the optimum number of members that should be present in each entity, and monitor the
resource utilization of each entity. The results of the model show the potential of using such control rooms

for enhancing construction project delivery.

© 2020 The Authors. Published by Budapest Uni Wemressktty of Techn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.
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1. Introduction

The world as we know it i s a dynamic and ever -changing environment. Decision makers believe that

between the plan and execution, unforeseen conditions will undoubtedly occur [1]. In the word of military

operations, every step within the plan is susceptible to change. Helmuth von Moltke (1871), Head of the
Prussian & German Staff, explains, 3No plan of operatio
with the enemyAs main strengt h. &actanpaigrhaeconkisientrmeecutios e e s it
of preconceived and highly detailed original concept p

industry is akin to the military in terms of planning and execution uncertainty. One of the most common
issues construction faces is project and task delays [2]. Planners also face uncertainties on a regular basis

throughout the projectAs I|ifecycle. Researchers have f
suffer from uncertainties [3]. Additionally, uncertainties affect not only project objectives and means, but
also impact production systems in terms of workflow and resource availability [4].
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To mitigate the effects of uncertainty during operations, the mi litary uses control rooms in order to stay on
alert to proactively detect any unforeseen enemy ambushes and to deal with the worst when it occurs.
Military control rooms provide a comfortable and collaborative environment for teams to resolve emerging
prob lems and constraints in a fast and efficient way. Several economic and trade sectors have adopted
control rooms to monitor and control their tasks such as in nuclear power plants [5].

In construction, several technologies are being developed to enhance the planning and control aspects of
projects [6]. Li et al. 2015 used game engines to develop a tool that visualizes the location of workers
wearing location tracking devices during pre -cast concrete installation to proactively detect any  unsafe
behavior [7]. Moreover, several frameworks and tools have been developed for visual planning and
monitoring in construction. The closest concept to the military control room in construction has been
introduced for the purpose of visualizing the progress during meetings . A computer application has been
used to display current project data and compare different scenarios during team meetings [8].
Furthermore, Virtual Reality (VR) technology is also being used to create a collaborative VR environment. An
immersive VR -Based collaborative environment enhances the experience and efficiency of constructability
related meetings [9]. Another framework has been proposed to allow engineers to visually inspect and
analyze project data and the interdependencies between building elements [10]. McHugh et al. 2019
integrated the famous lean construction system, The Last Planner System (LPS) for Production Control with
Building Information Modeling (BIM). The research presented a case study in which the researchers
implemented this integration using a tool named VisiLean. VisiLean allows planners to develop look -ahead
and weekly plans in a digitized system which is directly visualized in the BIM model rather than the
traditional sticky note met hod. In the presented case study, the proposed system was implemented in a
meeting room having digitized walls to screen the system  [11]. Although researchers have developed many
tools to enhance project collaboration  and project control, little effort has been made to develop a concept
similar to that of the military control room. Perhaps, the system presented by McHugh et al. 2019 is the
closest in concept to the military control room. However, the presented system i s mostly used during
meetings and planning sessions rather than on -going 24/7 monitoring and control.

This paper aims to add to the previously developed concepts in construction management to enhance
project monitoring and control by presenting the Constr uction Control Room (CCR). It presents the concept
of a technology -based control room to proactively and continuously monitor on -going projects and detect
any deviations from the plan. Several technologies are used to connect the flow of information from t he
site to the CCR, and integrate them into one comprehensive and inclusive framework for project monitoring

and control. A simulation model is developed to simulate and analyze the workflow within the control room
showing the collaboration of different en tities present in a construction project. Moreover, various
technologies and tools that can be used within the control room are discussed, such as: (1) Obtaining live
feed from the actual project construction site through Unmanned Aerial Vehicles (UAVS) an d static cameras
in order to stay updated with the progress, faced constraints, delays etc., (2) using Building Information
Modeling (BIM) to track the progress of the project and to obtain updated models of the actual project, and

(3) incorporating the Me trics Prediction Tool developed earlier by the authors  [12,13] into the proposed
control room. The tool is fed inputs directly from the site and gives metrics that are crucial for project
monitoring and progress prediction. M oreover, the tool allows for better activity progress monitoring at the
weekly work plan level by detecting clashes, delays, area congestions, in addition to predicting important
metrics such as the PPC and a newly developed Percent Improved Complete (PIC)

2. Literature r eview

In this section, we will go over topics related to the idea of this paper. First, the implementations of control
rooms in various industries will be discussed. To the best of our knowledge, no simulation model has been
built to mimic and study the significance of using control rooms in construction. Hence, simulation will be
explained and discussed to introduce it as part of the methodology of this paper. Finally, we will go over
the major philosophies, tools, and techniques of Lean ¢  onstruction which is the theme of the proposed
CCR.
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2.1. Control rooms

Due to the complex and unpredictable nature of military operations, commanders and generals need a
system to keep an eye on critical ongoing operations; this is the military control room or operation control
center. This concept is recognizable from military -themed movies. These rooms have two main elements;
a collaborative workspace and technological support. The control room allows commanders, generals, and

all relevant pers onnel to be working together in a shared physical room. These rooms are equipped with

all necessary technologies to support the flow of information and live feedback from the location the
operation is being conducted in, to the control room. The control ro om allows its users to focus on missions,
communicate effectively with other members of the command, operational teams, and support groups,

and work collaboratively in an organized and comfortable environment.

Due to the aforementioned advantages of contro | rooms, several different industries have adopted such
systems to enhance their processes. Electric power plants use control rooms to monitor electric supply

grids and to communicate with field and generation operators [14]. Nuclear power plants also use control
rooms to monitor and control operations, processes, and any deviations in the process state. Their control

rooms use alarm systems, diagnostic systems, and cameras to allow for better monitoring [15]. All airports

al so have control rooms that use radar technol ogandt o
takeoffs [16]. To monitor roads and highways, transportation control centers are equipped with large

screens that acquire live video feed from city roads. These control centers are used to monitor traffic
intersections and any acc idents that might occur on the roads [17].

In construction, Fischer et al. [8] developed a tool called CIFE iRoom that integrates several project
information and documents such as CPM and 4D schedule s. The information is presented and visualized
on three large screens so that all entities in the room can have visual access to the presented information
[18]. In Lean Construction, a similar computer -aided system named VisiLean is developed which focused
on enhancing planning sessions within the Last Planner System. VisiLean is used to perform phase, look -
ahead, and weekly planning in a technological framework. The main goal behind developing this system is

to integrate the production planning of lean construction with BIM. Planners are able to place virtual sticky
notes during planning sessions onto building elements within the BIM model [19]. A research study has
shown that using VisiLean in collaborative rooms similar the CCR presented in this paper, can reduce
defects and labor cost, and improve program efficiency  [11]. To the best of our knowledge, no simulation
model has been built to mimic and study the significance of control rooms in construction.

2.2. Simulation

Simulation as defined by Shannon [20] is the process of building and experimenting with a  computerized
model of a system to understand its behavior or to evaluate different operation strategies. The use of
simulation was first introduced to construction by Teicholz in 1963 [21]. In construction, simulation can
enhance our understanding of the processes, and allows us to perform different types of experiments to
lower costs and optimize schedules [21]. Several simulation software have been developed including
Cyclone, EZSTROBE, and STROBOSCORE?].

There are several types of simulation. System Dynamics (SD) is suitable for strategic decision -making or

policy analysis [23]. Discrete-Event Simulation (DES) is a process-centric simulation where a chain of
activities linked together through certain conditions and resources are represented. DES models are

dynamic, as time is a significant factor where only discrete points of time are considered, such as the time

of occurrence of an event [24]. Another type of simulation is Agent -Based Modelling and Simulation (ABMS),

which is defined by agents and the environment in which they exist. The behavior of the agents and their

interactio ns among themselves and with their environment are described by certain rules that are defined

in the model. ABMSAs ability to model compl ex systems
simulation techniques.

The process of building a simulati on model begins with setting the goals and objectives of the model.
Developed ideas can then be translated into simulation terminologies where important parameters,
resources, and relations are defined. Since real systems are extremely complex, simulation models
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sometimes assume or neglect some factors for simplicity purposes. After a model is built, verification and
validation must be performed. Verification is checking if the model is built right, while validation is checking

if the right model is built. 4n t he for mer, the model As scope, i nput s,
compliance with the initial concepts and expectations.
checked to be in harmony wi [24). Intcdnstruction,simulatom tethdiguas alee havi o

being used in numerous settings for dec ision making on construction projects  [21].
2.3. Lean construction

The goals of lean thinking redefine performance based on  three aspects: a uniquely custom product, instant

delivery, and zero inventory [25]. JCreating Value for t[B6¢sucCinctitdefimsr wi t |
Lean production; with waste being defined as anything that does not add Value to, and in the eyes of, the

customer. It is suggested Lean thinking can provide the basis for improving the efficiency of the

construction sector and significantly increase its value -offering. Lean construction is a relatively new

approach to managin g construction [25]. It emerged in the mid -1990s [27] focusing on two aspects. The

first is time, money, and equipment waste reduction, while the second is managing flows [28].

Several lean tools and techniques have been introduced to the indu  stry including the Kanban system, which

is a Japanese word meaning card or sign board. In the Toyota Production System (or Lean Production), cards

are used to control materials flow through the factory by only requesting components delivery from a

supplier whenthey are needed [27]. Anot her t ool is the Obeya system or 3
room where a group of experts are gathered to review the progress of the program and discuss key

decisions [29]. Toyota identified 14 main principles to establish a lean process within a production system.

One of these principles is 3Use Visual Control so No Pr
this principal through dashboards which clearly visualize im  portant project metrics and data. Researchers

are developing guidelines to follow while developing construction dashboards. For example, the dashboard

should fit to one screen, and vibrant colors shouekd be
or messages [30].

3. Methodology

This study adopts Design Science Research (DSR) as the main research methodology. DSR produces
scientific knowledge as opposed to explanatory research that aims to understand and predict phenomena

in a certain field [31]. It also connects research and practice leading to stronger relevance of academic
construction management [32]. This paper aims to link research (technological advancements in
construction) with practice (a practical framework for project monitoring and control) by designing a control

room that integrates different technologi  es into one framework. The construction control room is inspired

by military operations rooms where different entities work together collaboratively in an open space. Site

data and requests are received, monitored, and processed directly in the control roo m for proactive and
corrective measures. The control room integrates several construction technologies and uses real project
data to build a discrete -event simulation model that mimics the workflow in the real system.

4. Architecture of the  construction control room

As mentioned earlier, the construction control room coordinates, supervises, and controls all ongoing live
construction activities. Hence, it combines all relevant design and construction entities. The project
commander (Construction Manager o r Superintendent) is the highest authority in the control room whose
job is to facilitate the flow of information within the room. The room includes entities such as construction
managers, architects, and engineers from all disciplines as shown in Figures 1 and 2.

Creative Management in Construction 33


http://e-2020.creative-construction-conference.com/proceedings/

Proceedings of the Creative Constructic@enference (220) 020
Available online a¢-2020.creativeconstructionconference.com/proceedings/

Architect

Figure 1. Personnel Hierarchy Figure 2. Control Room Layout

Lean construction posits integrating several project entities into one collaborative room, also known as
Obeya Room where progress is monitored, and decisions are made collaboratively. In the control room,
large screens can be used to monitor several strea ms of incoming live data in order to facilitate data analysis
and data -based rapid decision making. Several technologies can be used to obtain project data and monitor

its progress. Some of the suggested technologies are discussed next.

4.1. Unmanned Aerial Vehicles (UAVS)

UAVs are aerial vehicles that can fly autonomously or via human remote control without the need for
onboard human assistance. The terms UAV and drones refer to the same aerial vehicle in this context.
Recently, UAV applications have increased in several industries due to their ease of use and relative
affordability, and construction is no exception [33]. UAVs are used to capture images and videos for
construction sites to build an as -built 3D model. The models are then compared to the BIM models to
assess construction progress [34]. Moreover, drones equipped wit h laser scanners are able to estimate the
volumes of soil excavations quickly and more accurately than traditional human surveying methods [35].
In logistics management, drones are used to track materials on  -site using GPS and ultra -wide band radio
frequencies. Drones are also used to check for structural failures and defects in concrete bridges [36].
Coifman et al. 2004 used drones for transportation surveillance on highways and road intersections and
numerous researchers have investigated the applicability of drones for safety inspections on construction

sites [37].

4.2. Trello

Trello is a cloud -based and Kanban -style project management tool that aids users in managing and

organizing their tasks. Trello uses a wide virtual board on  which users can see all activities and information.

Users only require internet access to view the content
content to the board are required to have an account on Trello [38].

4.3. Location Based Management System (LBMS)

Location -based schedules are linear schedules that show the progress of tasks within the working locations

[39]. LBMS is mostly known for visually managing buffers between tasks, achieving continuity in workflow,
monitoring task progress, forecasting task progress, and warning about cascading delays [40]. LBMS aids
the process of project control, as the sequence of control in LBMS is monitoring progress, f orecasting, and
identifying and solving problems [41]. Hence, using LBMS in the CCR to monitor task progress is
recommended due to its highly efficient visual techniques.
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5. Testing CCR on a real -world case study

To build a DES model, data was obtaine d from two sources. Regarding the delay times per entity, Mohamed
et al. 1999 [42] found that the construction manager needs 3.52 hours to resolve and issue, while architects
and engineers need 3.72 hours (Figure 3).

3.8 3,72
3,7
36 Construction Manager
35 B Architect
3.4 m Engineer
Construction Architect Engineer
Manager

Figure 3. - Delay Times per Entity

Reasons for non -completion of certain construction activities were obtained from a leading Global Project
Management And Engineering Company, while delay times per entity were obtained from a research paper

by [42]. The reasons for non -completion of planned tasks were recorded for 94 weeks. Afterwards, each
reason was attributed to a project entity in charge of addressing the issue (Table 1), and the percentages
per entity were as follows: the construction manager was responsible to resolve 67% of the requests for
information (RFIs), the architect was responsible for 17%, and the engineer was responsible for 16% (Figure
4).

Table 4. Reasons for Non -Completion of Construction Activities and Their
Responsible Entities

CM Architect Engineer

Scope of Work

Client-Driven Changes/Delays
Arch/Eng/Design RFI
Schedule/Coordination
Prerequisite Work i Self
Qualified Staff Availability
Materials/Suppliers Availability
Site Conditions

Incorrect Time Estimates

67%

Safety Non-Conformance

Cost/Commercial Prerequisite

Total Number of Reasons 2604 636 633
Percentage 67% 17% 16%

Cm mArch mEng

Figure 4. - Percentages of Responsibility per Entity

6. Information flow a  nalysis by Discrete -Event -Simulation

Discrete -Event Simulation (DES) is used in this paper to represent the workflow within the CCR and to model

the process of data transfer between the ent ities present in the room. The data collected and monitored
from the site through the aforementioned technologies is transferred to the control room and
consequently to each concerned entity in the room. The time taken for constraints to be removed and RFI S
to be dealt with can be one of the indicators for the efficiency of the model.

In the model shown below (Figure 5), site data is collected by drones, LBMS, BIM, and Trello, and are
automatically sent to the Commander who is the highest authority in this CCR. He then distributes the data
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to the responsible entities according to the obtained percentages (67% to the CM, 17% to the Arch, 16% to
the Eng). Once the Construction Manager (CM) receives the RFI, he resolves it and sends it back to the
commander for approval. If the commander approves it, it is considered resolved. If he disapproves it, it is
sent back to the CM for re -resolving. As for the architects and engineers: once they receive an RFlI, they
resolve it and send it to each other and to the CM (no  t the commander). The addressed RFIs are then either
approved or rejected by the CM, leading to a wasteful cycle of iteration requiring further attention.

Figure 6 offers a simpler representation. The commander first sends the RFlIs to construction manager ,
architects, and engineers. The CM resolves the RFI and sends it back to the commander for approval.
Architects and engineers resolve the RFI and send it (1) to each other and (2) to the CM for approval.

In the first run, a configuration of one commander, one construction manager, one architect, and one
engineer was modeled. From the simulation run, delay times per entity and resource utilization (RU) values
were obtained. The results of the first iteration are unsatisfactory. The delay time of the CM is too long (378
hours) and the resource utilization is too high. High RU values are physically and mentally draining for
entities and lead to fatigue and exhaustion. Several iterations of different configurations (increasing the
number of CMs, a rchitects, and engineers) were modeled to reach a balance between delay times and
resource utilizations. RU must not be too high, and delay times must be close to those suggested by
Mohamad et al. in companies that use web -based management systems (WBMS).

According to the simulation runs, the best configuration for this particular project data is one commander ,
four CMs, two architects, and two engineers (Figure 7). This configuration gives acceptable delay times that
are close to the ones suggested by Moha med et al. 1999 [42] and average RU values.
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Figure 5. DES Model
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i
Figure 6. Entity Relationships Figure 7. New CCR Configuration
Table 5. Different Simulation Runs with Different Configurations
Trial Commander # of # of # of CM Duration Arch Eng Duration C CM Arch Eng
# CM Arch Eng (hr) Duration (hr)  (hr) Util. Util. Util. Util.
1 1 1 1 1 378.89 4.88 5.08 69% 100% 44% 43%
2 1 2 1 1 11.54 6.01 5.61 47% 90% 57% 60%
3 1 3 1 1 4.23 5.54 5.89 47% 62% 59% 61%
4 1 6 1 1 3.52 5.81 5.32 47%  33% 54% 52%
5 1 6 4 4 3.51 3.53 3.45 47% 32% 14% 14%
6 1 5 3 3 3.56 3.61 3.52 47%  38% 19% 18%
7 1 4 2 2 3.65 3.66 3.67 47% 50% 26% 29%
8 1 4 1 1 3.66 5.17 5.45 48% 48% 57% 54%
OPTIMAL [51]: 3.52 3.72 3.72
7. Conclusion
The goal of this paper is to introduce the concept of military operation rooms to construction by proposing

a technology -based CCR where several technologies are integrated into one comprehensive and inclusive
framework. Such technologies include drones, LBMS, BIM, and Trello. A CCR allows for global collaboration
among various project entities, accura te progress monitoring, and proactive issue resolution. While similar
concepts such as the war room have been developed and used in the construction industry, no research or
application has been found similar to the one presented in this paper. The work su ggests that each project
should have a CCR that not only is used for meetings but also overlooks all related activities of the project
24/7. Thus, as long as there is a task being executed on site, the CCR will be monitoring and controlling the
execution o f this task.

DES is used calculate the number of personnel in the CCR and to model the process of data  -transfer and
RFI resolution among all project entities. It represents the flow of information from the point the
information or request reaches the  CCR, to the point of resolving the request and sending it to the site. To
build the model in an accurate manner, data from a project one of the authors worked on was used.
Afterwards, the authors were able to calculate the total number of requests issued p er week and the
percentage of requests that were sent to either the construction managers, the architects, or the engineers

for them to resolve. The simulation model was then used as tool to assist in calculating the optimum
number of entities from each de partment that should be allocated in the CCR. For the project in hand, it
was found that there should be one commander, four construction managers, two architects, and two
engineers. The model can be used for different projects to calculate the resource al location of the required
CCR.
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Future work will further develop the concept of the CCR. The authors plan to investigate the feasibility and
the costs and potential savings of using the CCR. Moreover, further study is required to identify the most
suitable i ndividual in the project team to command this CCR or decide if an individual from outside the

projectAs team should host it for an objective, i ndepe

witnessed in many projects that go over schedule and budge t. Finally, future studies will also focus on
investigating the most suitable delivery method to use the CCR.
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Abstract

Projects are surrounded by a range of risks that can hinder their success, especially at the moment that
character ized by the acceleration of economic growth, advanced technology, and intense competition.
Construction projects have a special nature and one of their most important features is the project duration
that may lead to changes in the conditions, which makes  them contain multiple risks due to the long
duration of the implementation period and the multiple stages that leads to increases in the probability of
occurrence of the risks, which reflects negatively on the economics of construction. Therefore, risk
man agement has emerged as a solution to control risks in a systematic and scientific way to avoid their
negative effects.

This research aims to extend the processes of risk management from the perspective of construction to
provide a framework for constructi  on risk management processes. In this regard, the research highlighted
the standard risk management processes based on PMBOK. Furthermore, we investigated the processes

of construction risk management in the literature which lead to introduce two more proc esses bhesides the
standard one, which are risk analysis verification and risk plan experimentation. This facilitated to develop

the risk management outcomes in order to bring benefit to the organization. Additionally, we introduced

some suggestions for con struction risk management such as training and establishing a project risk
information system in order to improve construction risk management. These suggestions shed more light

on increasing the effectiveness of risk management through new ways.

© 2 0 hé@Authors. Published by Budapest University of Technology and Economics & Diamond Congress Ltd
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords : construction project, risk analysis, risk management, risk management process

1. Introduction

Due to the lack of proper risk management, projects usually end up with financial losses and waste of
resources which, in turn, affects the credibility of the organization that has a negati ve impact on it is image
and relations with stakeholders [1]. Therefore, it is essential for projects to implement risk management to
succeed and achieve their planned results and objectives. R isk management helps to recognize the
potential risks that the project may be facing and identify steps and procedures that mitigate the effects of
these risks on the project and its consequences. Additionally, it develops the decision -making, planning and
prioritization methods through a comprehensive and systematic understanding of project activities, the
negative and opportunities available. Furthermore, it brings important benefits such as reduced cost, and
increased stakeholder engagement. It was found  that most construction risk management decisions have
done based on previous experience, intuition. and judgment of the manager. As a result of the lack of
formality of the system and the lack of integrative mechanisms of risk management among the parties
involved in the project [2] [3]. The fundamental objective of integrated risk management for the
construction project is to identify, manage and control risks more intelligently, a nd appropriately.
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Considering that the implementation of these projects must be in accordance with the approved budget,
on time and within the required specifications  [4].

2. Construction risk management processes

Construction risk management is a proactive process and a systematic approach to control and minimize
risks and even prevent their effects. These steps are carried out throughout the entire project life cycle
Certain risks are within the boundaries of the project, some others lie outside the project, but still inside

the organization, and there are ones outside the organization. These risks must be iden tified and handled
at the right level, and by the proper risk owner. Here it must be emphasized that the risk owner is not the
owner of the project and they have a different interpretation of risk. The Risk Owner is usually the one who

can best identify an d monitor the risk and that can best drive the specified countermeasures.

2.1. Plan risk management

It is a very important and essential process that determines the way in which the other processes will be
followed and therefore the basis of their success . In this process, the risk management method must be
selected along with the risk itself and predict how important it is to the stakeholders and participants. The
stakeholders of the project may have a strong perspective on project risk. While some stakeh olders may be
risk-tolerant, others may wish to staff and structure the work to minimize extreme outcomes [5]. During
this phase, the degree, the type, and the visibility of risk management are def  ined by the scope of the
process and who are involved in it. Also, roles, responsibilities, the required resources for performing risk
management processes should be appointed, and new types of risk assessment points must be scheduled,
which will be part o fthe risk management plan. Moreover, all the subsidiary risk plans must conform to the
global project risk management plan.

The plan should provide guidance to the project management team in the use of risk management, both in

the baseline schedule devel opment and for the schedule updates. The plan development will serve to
persuade the project management team to realize that managing risk is a formal procedure, with a
regimented process to be used as the approach to a standardized plan [6]. As the PMI states, the risk
appetite of stakeholders including the owner is recorded in the risk management plan. The appetite for risk

is quantifiable and measurable. In so me construction firms the risk management is not being taken into
account seriously in the practice of the project management. There are many reasons for this such as the
project managers often neglected or underestimated the project risks, and there are n ot special
departments or special full -time staff to perform risk management duties.

2.2. Risk identification

Risk identification process involves identifying all the risks that the project may be exposed, their sources

and their potential consequences re gularly because the risks arise and develop throughout the life of the
project as well as their characteristics. Therefore, risk identification is a continuous activity during the whole

life cycle of the project. It's impossible to identify and manage all  the risk in the construction projects. It can
be a waste of time and counterproductive, so it's crucial to focus on the vital risks only [7]. All project
stakeholders are encouraged to introduce a new individual or global risk sources into the risk management
process. The PMI highlights project manager , project team members, project risk specialist, customers,
external experts from application area, end user, operations managers, stakeholders, risk management
experts as relevant stakeholders [8]. Identifying other stakeholders during this  phase is recommended such
as:

1 Organizations or functions that provide decision making, funding, services related to the risk (including
outsourced providers), policy (including regulators).

1 Organizations/groups that will be impacted, directly or indirectly by the consequences should the risk
occur but who do not fit into the categories. These are secondary stakeholders.

A more holistic approach to project management by incorporation of the departmental head at the primary
stages of the project. Departmental heads need to be involved in order to promote higher levels of
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communication between departments and therefore reduc ing risks that are likely to occur [9]. There are
numerous ways in which construction project risks can be categorized, for example in accordance with their
occurrences in different construction stages, or in accordance with the nature of the risks [10]. Risks can be
classified in several ways for different purpose as shown in table 1.

Table 6. Risk Identification Categories

Risks Classification Author

Investors risk, Contractor risk, Material supplier risk, Project managers risk, (W. Lin, L. Yaqi, and W. Enmao) [11]
Government risk, Other project stakeholders risk

Preliminary design, Tender, Detailed design, Construction works, Financing  (N. Banaitiene and A. Banaitis ) [12]

the investment

Resources, Productivity, Design, Managerial, Payment, Client, Technical, (l. Dikmen, M.T. Birgonul, S. Han, 2007) [13]
Subcontractors

Project management, Engineering, Execution, Suppliers (A. Nieto-Morote, F. Ruz-Vila, 2011) [14]

Construction safety related, Construction management, Engineering design,  (Y.C. Kuo, S.T. Lu, 2013) [15]

Natural hazards, Socio and economic

Quality related, Environment related, Safety related, Cost related, Time (P.X.W. Zou, G. Zhang, J. Wang, 2007) [16]
related

Internal (Owner, Contractors, Subcontractors, Designers, Suppliers), (S.M. El-Sayegh, 2008) [17]

External (Social and Cult, Economic, Political, Natural, Others)

2.3. Qualitative risk analysis

Qualitative risk analysis is responsible for the ranking of project risks. Itis carried out throughou t the project
life cycle to ensure itAs effectiveness by making
conducted in many ways, organizations even possess their own special methods, but all the methods are

built on the assessment of probability o f occurrence and the impact on the project and combining them as
primary factors as well as secondary factors such as the time allocated to the response to risks and the
degree of project tolerance for these risks through limitations. The qualitative analy sis is sufficient for rank -
ordering risks. It allows sorting the risks from most to least important [5]. One of the most important steps

of this process is risk categorization. Categorization can b e conducted in several ways, finding common
characteristics or root causes.

The Probability, impact matrix and the hierarchical charts are typical category -based tools for risk
management. The matrix helps graphically to categorize the risks into groups i n the dimensions of the
probability of occurrence and impact. If the categorization is conducted by three dimensions, the two -
dimensional matrix is insufficient. Hierarchical charts display risks in two dimensions by the two axes, but

the size of a graphic al figure (usually disks, bubbles) represents a third dimension (e.g., acceptance level).
This may lead to developing more effective risk responses by focusing attention and effort on the areas of
highest risk exposure, or by designing standard risk respon  ses to address groups of similar risks. Once a
group of risks with the highest exposure is identified, greater attention can be paid to this category [8].

The guiding principle for the grouping of risks is based on risk breakdown structure (RBS ) or work
breakdown structure (WBS), and the aim of this process is to assign the groups to proper risk management
plans and actions. The RBS generally focuses on the causes of risks handled by additional management
attention, while the WBS is built on fun ctional disciplines maintained by more leadership attention and
organizational involvement [18]. The hierarchical structure very effective in construction practice, because
risk factors are numerous, especially in large projects, and the ability of humans to evaluate several factors

at the same time is very limited [10]. The priorities can be compared against targets or other criteria to
measure risk management performance, to identify risks for which further analysis are needed, and to
direct the development of action plans and the all  ocation of resources [19].

2.4. Quantitative risk analysis

The multi -dimensional concept of qualitative risk analysis underlies the phase perform quantitative risk
analysis. On the one hand, this phase is optional, on the othe r hand, the analysis is numerical here.
Quantitative risk analysis enables a reliable evaluation of risks. It is carried out on the risks identified in the
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qualitative analysis by conducting an impact analysis and numerical estimation for decision -making in case
of doubt. The prerequisite of this assessment is the availability of relevant, quantifiable ratio scale data. The
analysis is usually based on simulation that determines the effects of risks, sensitivity analysis, decision
tree, or more rigorous sta tistical methods that provide further insight into project risk. The categorization

of risks is a typical step for performing quantitative or qualitative risk analysis. The best way to deal with

risks in a project is done frequently to ensure that the risk s are addressed.

Frequently, the quantitative process is required by decision  -maker stakeholders. Through undertaking the
necessary activities for quantitative risk analysis, a newly updated risk register is achieved by introducing
changes to the risk reg ister obtained after qualitative analysis. The output of this phase is a list of risks that
have been quantified in order of priority sorted by a combination of the probability analysis of the project,

the probability of achieving the cost and time objecti  ves, and the consequences [6]. Risk analysis is an
essential step to help identify appropriate ways of dealing with risks. Organizations appreciate the benefits

of risk management in construction projects, formal risk analysis and management techniques are rarely

used due to lack of knowledge, inexperience, and doubts on appropriateness of these techniques for
construction projects [12].

2.5. Risk analysis verification

It reviews the risk analysis output in order to define whether the listed risks are relevant to the
organizationAs goals and could cause real threats.
organi zationAs goal s. Tedbydiffgpent&mpioyeasinshe orfpanization whd arenot
associated with the team who worked on the previous phase. The filtering technique provides useful
resources for the real risk pretending to business objectives and saves the organization resources from
working on risks not related to their goals  [20].

2.6. Plan risk responses

The risk planning process aims to identify the appropriate methods and activities for the plan to address
the risks identified in the risk register according to their priorities and relevance, in order to minimize their
impacts. The responses include revie wing options, choosing strategies, and triggering actions. Properly
selected responses are responsible for exploiting opportunities and reducing threats stemming from risks.
The appropriate response can be selected from a set of strategies. If there are th reatening effects, the
project manager can escalate, avoid, transfer, mitigate, or accept it. If there are opportunities, very similar
tools are to be employed: escalate, exploit, share, enhance, and accept. The organization should determine
how they shoul d be combined into its overall strategy, according to the extent to which it is prepared to
accept or tolerate risk. Policy decisions such as this must be made at senior levels in the organization, not
left to individual managers [19]. Ensuring that the cost of confrontation is proportional to the severity of
the risk. The cost of confrontation should not be greater than the losses that occur if the risk occurs, in
addition to the appropriate time of confrontation to avoid furth er losses.

After determining the appropriate strategy to address each risk, a number of changes are made to the risk
register such as: specific risks, their clarity, the aspects of the project affected, their causes and the manner

in which they may affect the project objectives, agreed risk response strategies, how to implement the
chosen strategy, funding and time required to implement the selected strategies, contingency plans,
standby plans where the specific response method is not appropriate, and cont ingency precautions. A part
of documenting the decisions should include preparing a risk mitigation plan for those unresolved risks

and acting on that plan. The risk mitigation plan might include just monitoring unresolved risks to ensure

t hat t h escone a drifkar of productivity or delay  [6]. According to risk management standard the
stakeholders reach an agreement on which risk treatment is accepted. A de tail treatment plan should be
defined on how to be executed. Also, during this stage, reporting and communication are established to

the stakeholders. The purpose is to share the knowledge obtained during the execution process [21]. In
any project, the development and implementation of detailed action plans for reducing risks is the key to
successful project risk management in practice [19].
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2.7. Risk plan experimentation

It examines whether the risk planning performed in the previous step is accurate and comprehensive. It
also checks if all risks are applicable to the organizati on and are correctly classified according to their impact
and probability. It's aimed to prevent wasting resources throughout the implementation phase by assuring

the validity of the risk [20].

2.8. Implement risk responses

It is implementing the most suitable and strict controls and procedures for the identified risks.The planned

and agreed responses are executed here to decrease individual project threats, and to increase individual
project opportunities. During the execution phase, risk control might require modifying the current
execution plan, ending the risk or even starting a contingency plan if the current plan is found to be
ineffective and requires starting from the beginning of the risk process if a new risk has been identified
[22]. One of the major mistake s in this stage is that the risk management process is incomplete. The risk
management process includes a throughout identification and analysis, risk plans (with lessons learned
register, risk register, and risk report), but no effort and action are taken to finish it.

2.9. Monitoring risks

Itis a tracking process for the implementation of the risk response plan. Itis aimed to monitoring of residual

risks and the identification of new risks and sources that could present after an action and should be
communicate to the stakeholders to assess the effectiveness of risk management on all aspects of the
project using the performance information obtained during the project implementation, which also enables

to see if there is a follow -up that risk management p rocedures are in place, introducing the necessary
changes to the project management plan and adjusting emergency reserves appropriately with the changes

that occur. A proper tracking process results in decisions based on current information about project r isks.
Traditionally the data analysis consists of technical performance analysis and reserve analysis. The tools
and techniques of monitoring are audits and meetings besides the data analysis. This phase is critical for
formation of the lessons learned dat abase [23].

3. Suggested solutions to improve construction risk management

Construction firms should establish a series of risk resistance mechanisms, include risk management
planning process, ri sk management organizational mechanism, and risk management functional division.
Moreover, the risk management department shall be established and assign a full -time experts and team
who responsible for risk identification, control and management, and cont ribute to coordinate and solve
the risk management problems existed among the relevant departments and the involved parties [4].
Construction projects include a widespread distribution of participants, complex specialty and huge
information. Therefore, project participants need to know each other's information quickly and effectively,

and project decision -makers need timely project information to take the right decision. The project risk
information system shall be established, in order to reduce the cost of collection, exchange, and
transmission of project information . Training is the keystone to any risk managem ent plan. A risk
management approach will most likely not be adopted or followed without a formal training effort. Training
should not only take place at the beginning of the processes but should also include regular informational
session to display any le ssons learned, policy changes or identified leading practices. Also, refresher
sessions are required to maintain employeeAs conscioustr
and assure that organizations are committed to risk management. Implementin g a standard process is very
crucial to ensure consistency and avoid duplication of reporting. The project team including the project
manager selects the sufficiently important project risks and gives the appropriate response. The
responsibility for respon ding to risks when they occur for only one person in order to ensure focus and not

to be distracted and neglect. Some project managers are trying to manage all risks themselves. Therefore,
Identify and hire risk owners with the experience and ability to de velop and execute risk response plans
effectively and efficiently.
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4. Conclusion

The organizations are required to deal with risks carefully by adopting scientific methods to face them and
ensure the success of their projects, and this can only be achiev ed by following the risk management
approach in the project. Effective risk management, especially in the construction industry, helps to execute
projects correctly, which reflects on project success positively, and brings benefits to all parties of the
project. Keeping in mind that managing risks effectively does not mean avoiding it, rather recognizing it
correctly and knowing all the opportunities and risks associated with it. In this paper, an extension of
standard risk management had been introduced fr om the construction perspective, which includes two
more processes that are risk analysis verification and risk plan experimentation, in order to implement the

risk management smoothly and achieve the project objectives. Furthermore, some suggestions had b een
highlighted to improve construction risk management and execute risk management system effectively and
efficiently.
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Abstract

As the number of craft workers in the United States has declined significantly in the past 20 years, vari ous

news articles and studies cite multiple reasons that have led to the decline. Perhaps the most significant

impact is the evolution of technology. As technology has evolved, younger generations have not been

exposed to the same opportunities as their pa  rents and grandparents; therefore, they have not developed

hands-on skil |l s, causing a |l ack of interest in craft Il ab
acquiring interests in these skills duri ngnsredpandedtoown t i
this change by strengthening their vocational programs to maintain interest from the younger generation?

For this study, data provided by the National Center for Education Statistics (NCES) was analyzed to

determine the availability and int erest in construction trade programs throughout the United States, to

conclude if educational opportunities have impacted the recent decline in the construction trades.
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1. Introduction

The craft/skilled trade worker labor category is extremely broad; it includes higher skilled occupations in
construction (building trades, craft workers, and their formal apprentices), natural resource extraction
workers, occupations related to the installation, maintenance and part replacement of equipment
machines and tools, and also production occupations  (Code of Federal Regulations, 2017) .

Unfortunately, the construction industry has experienced a nationwide shortage of skilled la bor.
Construction is the second largest employer in the country and according to a recent study performed by

the Construction Industry Institute, 75% of contractors are experiencing labor shortages that are resulting

in cost overruns and/or schedule delays (Christine Fiori, 2003) . Upon analysis of why there is a decline in
the number of workers, there are many possible explanations; however, the most significant factor is simply

that the younger generation is not replacing the o Ider generation at the rate at which they are leaving the
industry.
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Figure 1. Age Breakdown: Skilled Trades vs. All Jobs (Wright, 2013)

According to EMSI (Economic Modeling Specialists International), in 2012, 53% of skilled -trade workers in
the United States were 45 years and older and 18.6% were between the ages of 55 and 64. In comparison,
44% of workers were 45 years and older and 15.5 % were between the ages of 55 and 64. A more significant
statistic is that skilled -trades have only 1.9% of workers 65 and older, whereas the total labor force has 4.8%
(Wright, 2013) . Unfortunately, these numbers allude that o  Ider skilled -trade -workers are often not able to
avoid an early retirement due to physical ailments, as their jobs are more physically demanding than a
typical white -collar job. As a result of earlier retirements from the current workforce, there is more p ressure
for the younger workforce to replace them at a faster rate.

Another possible explanation for the decline in skilled labor trade could be the lack of interest and negative

perception of the industry from the younger generations. When surveyed about possible career choices,

high school students ranked a career as a construction worker 247 out of 250 occupation options (Bigelow,
Ostadalimakhalbaf, & Escamilla, 2016) . Unfortunately, many view the construction industry as un  desirable

because of the high job intensity, dangerous and dirty working environments, and ambiguous career paths.

This is unfortunate, as the construction industry is evolving and working to overcome this perception by
implementing strict safety programs and of fering new programs to i mprove
such as regulation health examinations, health guidance, smoking cessation measures, and nutritional

education (Shan, Ph.D., P.E., M.ASCE, Imran, Lewis, Ph.D., P.EM.ASCE, & Zhai, Ph.D., 2017)

The negative perception of the construction industry i
Unfortunately, the past two generations have been encouraged by American high schools to attend a four -

year colle ge, promising more employment opportunities and a greater salary potential. However, as more

people are seeking college degrees, many are finding th
in high paying positions. In order to meet the growing de  mand of the construction industry, education

systems across the United States must emphasize the high and growing demand for construction trade

wor ker s, the significance of the industry to our econor
constru ction industry (The Construction Labor Shortage: Where Did All the Skilled Labor Go?, 2017)

To change the perception of the industry, the United States should look nations like Germany, where craft

work is regarded not as mere ly a trade, but a career, with schools offering apprenticeship programs for

high school students. Richard Sennett, a New York Unive
realized that there was an interest to be served economically and patrioti cally in building up a skilled labor

force at home; we n@haale 2082 t hat et hosij

2. Background

The Smith-Hughes Act of 1917 was the first authorization for the Federal funding of vocational education.
Subsequent legislation for vocational education (now termed career and technical education) included the
Vocational Act of 1973. The Carl D. Perkins Career and Technical Education Improvement Act was initially
authorized in 1984 and re -authorized in 1990, 1998 and 20 06 (Smith-Hughes Act, 2003). On May 17, 2017,
the House Education and the Workforce Committee unanimously approved its Perkins reauthorization bill,

H.R. 2353, the Strengthening Career and Technical Education for the 21st Centu ry Act (Hyslop, 2017).
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The Perkins Act provides almost $1.3 billion annually to career and technical education programs in all 50

states until 2016. Federal funds provide the principal source for innovation and program improve ment.

State and | ocal funding supports the <career and techni
salaries and other operating expenses (Smith-Hughes Act, 2003; Issue Brief Carl D. Perkins Act, 2017) .

Overall, the programAs purpose is to increase the quality

United States, providing both academic and technical skills in order to create successful workers in a
knowledge -based and skill -based economy (Hyslop, 2017).

3. Purpose of the s tudy

The purpose of this study is to explore what construction trade focused/vocational/occupation trade

programs are being provided for the current generation. More specifically, at what age level are
construction -related vocational programs being offered and discussed as a potential career pathway with

students, what types of programs are being offered, and are students interested and enrolling in these
programs? While vocational educational opportunities and support in schools may not be the only factor

that contributes to the overall decline in skilled trade labor, it is a significant factor, as it allows all students

the opportunity to be exposed to and try a variety of skilled trades. Furthermore, school counsel or s/
encouragement and support for these programs provides students that are not interested in a four -year

university or seeking a white -collar profession with a career pathway that will allow them to become an

expert in whatever skilled trade that may best suit their interests.

4. Rational for the  study

There is a substantial need for Technical Programs in schools, specifically within the construction trade
industries. Based on current market needs, without school intervention, the craft worker and trades will

not have enough labor support. Unfortunately, as a result, contractors will experience project labor
shortages and cost escalation, lengthening of schedules and recordable incidents

Furthermore, it is the responsibility of educational programs to utilize funding for these programs and be
dynamic in making sure that the future workforce is not being funneled down a four -year college
preparatory career, but is instead supporting youth to explore various learning opportunities, include
Career Technical Educational Programs. Statistics prove that high sc  hool students involved in CTE programs
are more engaged, perform better, and graduate at higher rates. The average high school graduation rate

for students in CTE programs in 90.18% compared to an average national freshman graduation rate of
74.9% (H.R.2353 - Strengthening Career and Technical Education for the 21st Century Act)

Mr. Paul Tse, Project Manager at Shapiro & Duncan cites how a local career and technical education
program at Thomas Edison High School of Technology n ot only provided him with a sense of direction.
Moving to America from Hong Kong at the age of 10, Mr. Tse lacked direction in his life and career, and
upon the advice of a guidance counselor, enrolled in a HVAC program his senior year of high school. Upon
graduation, he had two (2) job offers for an apprenticeship from local companies (H.R.2353 - Strengthening
Career and Technical Education for the 21st Century Act)

Skylar Huggett, the 2017 recipient of the Georgia Occupation al Award of Leadership (GOAL) scholarship

was on the career path to be a nurse, at a four -year college. She soon realized that was not the right fit for

her and she transferred to a community college to pursue an associates degree. Inspired by a documentar y

of a woman welder, she enrolled in welding classes at the earliest opportunity and realized after the first

day of classes thasomkibi wgsshedwaseprsSsi onate abeut an
year col |l-eug&h¢ citebthatppur suing a vocational career was S O0mMme
consider. However, she quickly realized that it was the right fit for her, and has encouraged friends that

finished college with degrees and who are unemployed or who are unsure if it is the right fit to pursue
vocational cl asses. She states, JHad U4 started with t e
do and would already have been years into my career. Vocational schools and trades need to be promoted

and supportAhd anowel fder , she is very much aware of the
currently in the workforce are getting closer to retirement and there are less younger individuals entering

the trades. This is a huge problem, as the experienced men and wom en in these are needed to pass on
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their way of the trade or the tricks and secrets to successfully get a job efficiently done. | am personally
seeing a generational gap i n my(Hugeett 80lMm g field and it's

5. Research d esign

The National Center for Education Statistics ANCES)reporting system for national information on career
and technical education (CTE)(Career and Technical Education) provides data based on a compilation of
information from avariety of existing federal data collections. The wide variety of data sources provides an
accurate overview of current statistics, as well as historical trends, and prediction models (National Center
for Education Statistics, n.d.) .

By utilizing CTEstatistics, | am hoping to determine not only the availability of construction trade programs
in high schools/vocational schools and vocational colleges, but also s t u d eimterest/and participation in
vocational/occupational construction trade programs in the past decade. By analyzing the statistics an d
exploring relationships between related figures, | will be able to determine the presence of any significant
correlation between the availability and interest in vocational education programs to determine if this has
contributed towards the decline in cr  aft workers.

6. Data and analysis

CTE Programs, Secondary Education

= Regular high schoo= Career/ technical high schots Other special focus high school*

Figure 2. Percentage of public high schools that are regular, career/technical, and other special focus, and various characteristics of
each school type: 2008, (National Center for Education Statistics, n.d.) .

According to the U.S. Department of Education, National Center for Education Statistics, Schools, and
Staffing Survey (SASS) Public School Questionnaire, for the school year 2007 -2008, approximately sixty -eight
(68) percent of publiwl &@rjghhisghood ko wles,e Mdeaemgi ng t hat v

of fered as elective classes for student s, but the over
based on a standard teaching curriculum. Approximately twenty  -eight (28) percentarecon si der ed Jot h
speci al focus high school sij such as science or mat hema

gifted schools, and foreign language immersion schools), special education schools, alternative schools,
and other types of schools that do not fall into these categories. Nevertheless, only four (4) percent are
considered Jcar eer / t &NationaliCentef fpr Educatiph Stadistids,anal.) s

Recognizing the growing demand for vocational trade, the P erkins Vocational and Technical Act has funded
several new Career/Technical high schools in North Carolina, specifically. In Wilmington, the first Career
and Technical Education high school will be opening in the Fall of 2017  (DelaCourt, 2016) . This school was
modeled after the Vernon Malone College and Career Academy in Wake County, North Carolina, which
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opened in August 2014. Due to the success of the Vernon Malone College, the North Wake College and
Career Academy was opened in September 2016. While this is limited to the piedmont/coast of North

CarolinaAs educational system, school systems around

for these programs, but their success and contribution to not only providing st udents with education and
career paths, but matching students with career paths that are in high demand by industry (Wake County
names new CTE high school and hires its principal, 2016) .

Table 1:Percentage of public high school s offering various occupational preparation opportunities

. . Other Special
Regular High | Career/Technical Focus High

School High School School

Career/Technical Education Courses 93.6% 100% 55.1%
\é\éohrlc;)tl)ased Learning or Internships Outside of 20.6% 79% 51.5%
Specialized Career Academy 26.7% 61% 13.2%

(National Center for Education Statistics, n.d.)

While many school systems are recognizing the need for career/technical high schools, the vocational

education system is not |l ost in the 3traditionalj or

ninety -four (94%) of regular high schools ac ross the United States offer career/technical courses. It is
important not to overlook the importance of offering vocational courses to students. Often, many students

may consider a vocational course just as an elective, but by merely giving students an op portunity to be
exposed to trades, schools are allowing students to
vocational classes are extremely valuable and allow students exposure and appreciation of trades without

having to formally commit to that career pathway. Therefore, it is important to realize that while
Career/Technical high schools may provide educational opportunities to students who are interested in
committing themselves to vocational/trade career paths, regular high schools off ering career/technical
courses are equally as i mportant, ayear tollegeypatipvayostudedte
with exposure to the trades, without formal commitment (National Center for Education Statistics, n.d.)

The data also demonstrates that there is not a significant difference between the percentage of internships

t h

3 |

be

he

avail able outside of school in Jtraditionalij high schoct

extremely important, as apprenti  ceships offer students the ability to not only learn more about a trade but

the opportunity to build their confidence in their future and to see how this trade could provide them with
opportunities to shape their career. Nancy Hoffman, the author of Schooing in the Workplace, states that
the United StatesA vocational education program i

unempl oyment rate in the Netherlands and Switzertvand
(22%). Ms. Hoffmancites t hat the 3forgotten hal f}j of students

attend a four -year college will be at risk of trying not to land in jail, be unemployed and living on the street,
or eternally job -hopping. By allowing students to particip ate in apprenticeship programs you allow students
to enter the workforce and instill responsibilities that allow them to gain confidence in their trade and
provide experience that will prepare them to enter the industry immediately following graduation
(Goldstein, 2012).

Apprenticeship programs are vital components of all vocational programs. However, part of the challenge

in providing apprenticeship opportunities is overcoming the perspective of many Americans that most
sixteen (16) year-olds are not ready for the responsibility of learning a trade. In her book Schooling the
Workplace, Ms. Hoffman mentions that Volkswagen is starting an European  -style apprenticeship program
in Tennessee, but it is only available to high school g raduates. Ms. Hoffman also suggests that the United
States should look towards Switzerland for the implementation of apprenticeship programs. The Swiss
government invests in the in initial analysis of workplace training for apprenticeship hosts, and suppor ts
research between employers and government. Unlike Switzerland, there are only a small amount of
institutions or non -profits in the United States that provide these services  (Goldstein, 2012) .
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Figure 3. Percentage of post -secondary institutions that offer sub  -baccalaureate occupational education programs  (National Center
for Education Statistics, n.d.)

While many students may enter vocational career programs in high school, often they are first exposed to
vocational careers in post -secondary education programs, as they offer more diversity than the sub
baccalaureate programs. Therefore, students are ofte  n are able to determine a trade that is the best fit for
their interests and career aspirations. Throughout the past decade, there has been a decline in the number
of sub -baccalaureate programs offered in vocational schools, as seen in Figure 2. Typically, = Career Technical
Education (CTE) programs are offered based on student enrollment in previous years. It is evident that the
2008 Housing Market Crash had somewhat of an impact as the enrollment in engineering, architecture and
science technologies fell th ree (3) percent from 2008 to 2012. During that same time period, the enroliment

in Manufacturing, construction, repair, and transportation fell approximately one (1) percent, from twenty -
seven (27) percent to twenty -six (26) percent (National Center for Education Statistics, n.d.)

While the decline between the years may not seem significant, a one (1) percent decrease in the overall
enrollment of twenty -six percent is significant when it reflects to a statistic that is applied based on
participation in these programs across the United State
trade has created a large push for support from sub  -baccalaureates vocational programs throughout the
United States, providing scholarships and supporting educational programs with apprenticeship programs.

Mr. Jonathan Begue, the Construction Management Program Director at Cape Fear Community College in
Wilmington, North Carolina, cited that as the local housing market has picked up following the 2008 crash,
there has been a large outcry by local construction firms and the local Homebuilding Association as to why
there are so little interest in the construction management/construction trade programs. Mr. Begue cites

that while there was a decli ne following 2008, enroliment in these programs has been somewhat steady in

the recent years (Begue, 2017).
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Figure 4. Percentage distribution of credential -seeking, sub-baccalaureate occupational education students within each field of
study, in all institution types  (National Center for Education Statistics, n.d.)

Perhaps the most obvious question in this research is if students are en rolling in construction trade
programs, what other programs are appealing to vocational students? And if students are not entering
construction trade programs , why are they choosing these other programs? Mr. Begue began working in
the construction industry as a teenager, and speaks from first -hand knowledge of the industry;
unfortunately, it comes down to one thing: wages  (Begue, 2017).

According to the Bureau of Labor, the median hourly salary of a construction trade worker is $ 22.88 and
the annual mean wage is $47,580. In comparison, the median hourly salary for a Registered Nurse is $32.91

and the annual mean wage is $72,180 (National Occupational Employment and Wage Estimates United
States - May 2016, 2017). While each state has prevailing wage rates for each specialized trade, there is still

a significant variance in wages between jobs. Another issue for many skilled trade workers is benefits.
Compensation packages often do not include benefits suc  h as insurance and health care. Far from a white -
collar office setting there is the threat of unsafe working conditions and injuries on a construction job site;

in addition, the construction market is relative to a good financial market. The real estate cr ash of 2008 was
a difficult time for many skilled trade professionals, who were forced to leave the industry in order to find

work.

Mr. Begue acknowledges that the construction market is difficult. While many companies are now

implementing stricter safety policies and procedures, and the real estate market has leveled out, students

looking for career options must consider the negatives and the positives. While there has been a decline in

the construction trade industry, it is difficult to convince students looking for new career opportunities to

take a risk in a volatile industry without receiving competitive pay, to supplement workers who must provide

their own benefits. Ut As an industry that has i Begueboomi

stresses to students that while there are negatives with every job, construction trades are unique in that

you can provide your own services, your own abilities towards a final project. The satisfaction out of

knowing that you are physically contrib uting your talents and skills towards a final goal makes provides

satisfaction that is not captured in data, but captured by those who are driven to see their hard work, their

creativity, and their skills produce items that are part of a larger concept. Th is is something that is not

servicezi t As a trade, a skill that you have not only receiyv
that you are so passionate about, t haiBedue 2087).)what you ha
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7. Conclusion

Based on the data, it can be determined that the education system in the United States has responded to

the decline in construction trade workers by offering more vocational career programs in high schools. As

more vocational trade high schools open throug hout the country, it is obvious that schools are not only
interested creating more opportunities for studyeats, b
college concept.

Around the United States, schools are helping to change the way that socie  ty views vocational careers, with

the growing emergence of schools dedicated towards finding a vocational career. By instilling pride in

students early on for learning a trade, vocational -focused schools are shaping the concept that a person

does not have to have to attend a four -y e ar school to have a 3career. i A
alternative, and one that takes a student who has as much dedication, determination, drive Z but maybe

not towards a obtaining a business degree, but becoming a highly  -demanded welder, brick mason, or a

terrazzo floor specialist.

By providing more opportunities for students to be exposed to construction trade careers earlier in their
education, there is an increased likelihood that students will follow their interests a nd pursue careers.
Apprenticeship programs and mentors are also extremely valuable and can provide shy students with
experience and knowledge to push them not only to learn but to reach their highest potential in their trades.

While the vocational educatio n program has grown significantly, it has only begun its transformation. Based

on interviews and data analysis of the availability and interest of vocational programs in schools, one can

be sure that AmericaAs educationald sgwsgpanr tiisn ge mbnrdaucsi thrg
providing not only more schools, but higher quality schools to help students interested in vocational

programs have an opportunity to determine if that is the right fit for them. By overcoming the concept that
fouryeardegrees equal Jcareers,j the American school system
careers. Removing this stigma will provide more opportunities for students, and more employees for the

industries.
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Abstract

Departments of Transportation (DOT) are experiencing unprecedented pressure to deliver projects on time
and on budget. An obvious response to this pressure is to improve the project delivery process by adopting
effective project management principles and strategies. The research team for this study investigated the
DOTAs i mpl e me ot effdctiveoprojedt managkment practices and strategies for transportation
infrastructure projects by first performing a literature review to discover the project management strategies

and practices historically used in transportation projects. Then, the vy designed a survey to identify the
general project management practices implemented in the delivery process. They pilot tested the survey,
distributed it to state transportation agencies via an online platform, and collected 96 completed surveys.

The results revealed that team qualification was ranked the highest of the implementation level of
strategies, and that environmental planning and quality management were ranked second and third. The
outcomes of this study will help decision -makers and project man agers in their assessments and selections
of the most useful best practices for delivering an infrastructure transportation project on time, on budget,

and with a high level of quality.

© 2020 The Authors. Publ i shed by B uHReamcs& Didthond CangressLtdy of Tec hn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: tansportation infrastructure project, project management strategy, project management principle, design
phase, construction phase

1. Introduction

In the last decade, there has been a sharp increase in the number of infrastructure transportation projects

in the US, and on any given day, a DOT has hundreds of projects of different sizes underway, with the
common purpose of ensuring that millions of travelers experience transportation networks that run
smoothly. Transportation agencies and project managers are experiencing unprecedented pressure to
deliver projects on time and on budget [1]; however, the project s frequently f ail t o
expectations in terms of cost and schedule performance [2, 3, 4]. In 2010, Thomsen et al. [5] conducted a
study that showed that between 40% and 50% of all construction projects fall behind their baseline
schedule. When a construction project is delayed, the construction either has to be accelerated, or its
completion date has to be extended, which causes cost overruns. An obvious response to this pressure is

to improve the project delivery process by adopting the available successful project management practices
[6, 7]. This study attempts to delve deeper into the strategies that are effective for successful project
delivery and project management by answering the following questions.
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Q1. What are the most adopted project management principles in infrastructure transportation
projects?

Q2. What are the most implemented project management strategies in infrastructure
transportation projects?

Project managers will be able to use the findings of this study to assess th e managerial practices and
strategies of infrastructure transportation projects and select the ones that are most beneficial to
preventing schedule delays and cost overruns.

2. Literature review

2.1. Success criteria for a construction project

Project success is the foundation for monitoring and managing a construction project [8]. Tuman [9] defines

construction prohjaeé¢énhgseveeys hamgdturned out as hoped ¥
and having sufficient resources to meet needs ina timely manner. De Wit [10] describes ¢

success as when primary stakeholders, the project team, and end user are completely satisfied with the
project outcome. In 1987, Pinto and Slevin [11] stated that a project could be called succes sful when it has
been completed on time and on budget, has met all of the project objectives, and has satisfied the client.

Sohail and Baldwin [12] presented five success criteria for projects: schedule, budget, cooperation and
partnership, quality, and so cioeconomic content. Most researchers believe that measuring the budget,
schedul e, and quality performance, which have been
very important to the success of a construction project [6, 13, 14, 15, 16,17]

Project management plays a critical role in successfully delivering a construction project [18]. In 2008, the
PMBOK@GUIDE [19] defined project management as the utilization of knowledge, tools and techniques,
and skills for project activities to meet const  ruction project requirements. In 1996, Tan pointed out that
most construction projects need to adopt both the art and science of project management and that
implementation of an adequate level of tools and technology is necessary or managing a project that can
be considered efficient and effective. Owners are usually satisfied with high quality and reasonable quantity
provided at the least cost in the least amount of time [20], and achievement of the project success criteria

is vital [21, 22] to providing t his satisfaction.

In 2004, Morrison and Brown [23] presented the following factors that are needed to improve the
effectiveness of project management: (1) clarity of project objectives, (2) alignment of project objectives, (3)
effective consultation with t he client, (4) effective consultation with the end -user, (5) effective project
leadership, (6) sufficient qualified human resources, (7) availability of resources, (8) adoption of a novel and
systematic project management approach, and (9) an effective pro  ject organization and authority structure.

In 2009, Siemiatycki [24] described five best practices and strategies for efficiently managing and improving

the cost and schedule performances of a transportation infrastructure project: (1) improvement in the

met hods of monitoring a projectAs performance and
information, (2) improvement in the areas of responsibility and accountability for changes and/or overruns,

(3) improvement of workforce qualifications, (4) ap plication of state -of-the art forecasting techniques, and
(5) focusing early on plans to be completed.

Although some studies have identified current useful managerial strategies and practices, two knowledge
gaps are apparent in the existing literature: (1 ) a comprehensive study about the implementation level of
effective project management strategies adopted for highway, roadway, and bridge projects by DOTs; and

(2) a comprehensive study about managerial practices that can improve the efficiency and effect iveness of
project management in successfully delivering highway, roadway, and bridge projects. This study attempts

to fill those gaps and will benefit state DOT agencies as they identify and adopt successful project
management practices and strategies for  their transportation infrastructure projects.
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3. Research framework

The research framework developed to fulfill the objectives of this study is depicted in Figure 1. It shows that

a comprehensive literature review was performed that focused on the manag erial issues that DOTs
encounter, and effective mitigating strategies and practices that could help them deliver projects on time

and on budget. A structured survey was developed, based upon the literature review, and was distributed

to the personnel of 52 state DOT agencies. After two follow -up emails, 96 completed surveys were collected,
the data was analyzed, and results were obtained.

Literature Review

Review: | Identify:
+ State DOTs’ websites =i+ Managerial issues
+ Published articles i» Effective strategies to deliver a project on time and on budget

Develop a structured survey w Determine implementation level of project
1 management principles

Distribute the survey among 52 state DOTs

I ‘ Determine implementation level of best project
management practices

Collect 96 completed surveys

Figure 1. Research Framework

4. Data collection

The research team identified potential questions associated with th e projectAs objectives
comprehensive literature review. Next, they categorized the potential questions into two main categories,

managerial issues and project management best practices, and designed the survey, which ultimately

covered six categories of questions: general information, project delivery, cost management, time
management, project management, and best practices. Four experts and professionals were asked to pilot -

test it, and after receiving their feedback and suggestions, the re  search team made the final modifications

and finalized the online version.

The research team identified potential respondents from different state DOT agencies and emailed them

to ask them to participate in the survey and to share their points of view. Af ter multiple follow -up emails,
96 completed surveys were collected. The demographic information of the respondents presented in Table

1 shows that approximately 90% of the respondents had more than 10 years of experience with a state
DOT agency, and roughl y 15% had been project managers. The regions and the associated frequency of the
survey responses are presented in Figure 2, which shows that one or two surveys were completed by
respondents located in 14 different state DOT agencies (Washington, Idaho, So uth Dakota, Nebraska,
Minnesota, Oklahoma, Texas, Louisiana, Kentucky, Tennessee, Maine, Vermont, Maryland, and
Connecticut). Three or four respondents were located in state DOT agencies in Oregon, lowa, North
Carolina, Alabama, and New Mexico, and more th  an five responses were from state DOT agencies in Florida,
Arizona, Utah, Colorado, Virginia, and Ohio. The respondents were asked to reveal the type of project on
which they based their answers to the survey questions, and the results showed that 46% had selected a
highway project, 32% had selected a bridge project, and 22% had selected a roadway project.
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Table 1. Demographic Information of Survey Respondents

Position Experience Percentage
Construction Engineer More than 10 Years 48%
Construction Manager More than 10 Years 7%

Chief Construction Officer More than 10 Years 7%
Administration Director More than 10 Years 6%
Construction Supervisor More than 10 Years 1%
Contract Manager More than 10 Years 1%

Deputy Director More than 10 Years 1%

Less than 5 Years 4%

Between 5 and 10 Years 1%

More than 10 Years

Field Engineer

13%

Between 5 and 10 Years 3%

Project Manager

More than 10 Years 4%

Between 5 and 10 Years 1%

Staff Engineer

Superintendent More than 10 Years 1%

5. Analysis & discussion
5.1. Effective project management principles

According to studies conducted by [25, 26], project scoping is one of the primary steps in successfully

executing the construction of highway projects. Multiple researchers and authors have stated that the level

of i mpl ementati on of t he scope definition can consid
performance by mitigating the number and cost of change orders [25,27, 28, 29]. This is because the
projectAs needs identfied mand sassassed when abcenstruction project is fully defined,

facilitating more accurate cost estimates and resulting in fewer change orders at lower cost [30, 31].

The survey participants were given a list of 13 project management principles that had been identified
through the existing literature as useful for infrastructure transportation projects and were asked to
provide information about their DOTAs i mpl ementation | e

2, indicated that 70% of them thought that their DOT agencies make an effort to ensure that project scopes
are fully defined.

Table 2. also shows that 70% of the respondents reported that their DOT agencies establish effective

communication among DOT staff and have an escalation  process to resolve project conflicts and issues.
Communication in a construction project refers to the exchange and transfer of data, information, and

knowl edge among the projectAs parties and team member
commun ication enables the timely transfer of knowledge and skills [34, 35]. On the contrary, ineffective
communication among the projectAs staff | eads to a | acl
an increase in the number of design changes and m  odifications that might ultimately increase the number

of schedule delays and cost overruns [36]. In summary, the development of effective communication in a

transportation project has the potential to improve the cost and schedule performance.
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Table 2. Implementation of Effective Project Management Principles

Principles Percentage

Ensure that the project is fully scoped 70%

Establish and maintain effective communication among DOT staff; develop an escalation process to resolve

conflicts and issues 70%
Actively oversee consultants _and contractors to ensure work is complete and timely and meets quality 70%
standards and regularly requirements

Participate in partnership meetings 54%
Know and understand pertinent regulations 50%
Begin work only after funding authorization has been obtained 50%
Ensure that the project team has the required qualifications, certifications, and experience 46%
Develop a project management plan and follow it 42%
Manage the projec_t to meet approved project plans and specifications in order to successfully pass inspections 27%
and complete the final acceptance process

Develop a succession plan that designates replacement staff for key positions 15%
Establish and implement effective quality-management procedures 15%
A(_:curately complete all _pgperwork, retain it for required time frames, and submit it on schedule to ensure full 8%
reimbursement for all eligible costs

Finish the project within the required time 4%

5.2. Effective project management strategies

The respondents were asked to provide information regarding the implementation of project management
strategies by their DOT agencies. Multiple questions about the implementation level of various
management strategie s were included in the survey as a five -point Likert scale, from very low to very high
implementation. The questions asked were about team qualifications, quality management, scope
verification, communication plan, risk management, environmental planning, safety management,
document management, and repair prevention. The results are presented in Figure 2.

As shown in Figure 2 ., roughly 60% of the respondents stated that their DOT agencies highly implement the

strategy of team qualification in their projects , and about 20% stated that their agencies moderately

i mpl ement it. Since a construction projectAs success 1is
delivering it, the best -planned projects may fail to meet their objectives if the project team does not perform

to the best of its ability (37). The effective development and integration of the project team is essential to

the success of a construction project because it is responsible for the delivery of the defined scope of the

project throughout its lifecycle. Unqualified team members result in decreased productivity, an increase in

the number of reworks, and schedule and cost overruns [38, 39].

Creative Management in Construction 59


http://e-2020.creative-construction-conference.com/proceedings/

Proceedings of the Creative Constructic@enference (220) 023
Available online a¢-2020.creativeconstructionconference.com/proceedings/

Very Low Implementation

70% Low Implementation
= Moderate Impelementation
E 60% m High Implementation
] ® Very High Implementation
£ 5%
wn
T 40%
El
E 30%
£ 20%
=
i)
£ 10%
E
= 0%
[=9
x x X X
£ & & & & & R & & &
= & & R & & & £ &
e, 4 ! L& < & & & &
& 37 & S S N 3 % n
> & S o % Q U & &
> & & % & N & & &
& & 4 e, & @ & & <<
& & o s & & & L S
& R N & & S & & &
/% & =) & < & NS L
o oy & < &
< F

Project Management Strategy
Figure 2. Implementation Level of Effective Project Management Strategies

The respondents were also asked to provide information about the implementation level of quality
management strategies. Quality management strategy refers to the incorporation of all of the activities
conducted to improve the efficiency, contract compliance,a  nd cost effectiveness of the design, engineering,
procurement, quality assurance (QA) and/or quality control (QC), construction, and startup elements of
construction projects. Implementation of this strategy prevents failure to comply with the material,
equipment, and construction specifications, and as a result prevents early failure of the infrastructure
projects [40,41]. As shown in Figure 3, more than 40% of transportation agencies highly adopted quality
management strategies in their projects, and more  than 30% of them moderately implemented them.

Figure 2 indicates that one of the strategies that the respondents were asked about was scope verification,
which refers to the process of formalizing theegyresoj ect
reviewing the work products and results to ensure that all were completed correctly and satisfactorily (42).
Scope verification strategy commonly occurs at the end of each project phase and as part of the project

closeout process. Dicksetal. [43] bel i eved that state DOTAs i mplementati ot
strategy |l eads to significant i mprovement of t he pr o]
approximately 30% of respondents described the level of implementation of the veri fication strategy as

highly adopted by their agencies, while 20% described it as moderately adopted.

The survey asked the participants to provide information about the implementation level of a

communication plan for their projects by their DOT agencies. The strategy of communication plan was
defined as the process of driving alignment between t he
core objectives. This strategy should always include consideration of employees as the key audience. As

many diffe rent parties are commonly involved in a construction project, it may be difficult to organize and

align them toward the same vision and goal [44]. Figure 2 illustrates that roughly 35% of the respondents

believed that their agencies adopted a high level of  communication plan strategy in their projects, and

about 35% indicated that their DOT agencies moderately implemented the strategy.

The survey participants were asked to provide information about risk management also. A risk

management strategy provides a structured and coherent approach to identifying, assessing, and

managing risk. It builds in a process for regularly updating and reviewing the assessment based on new

developments or actions, the lack of which can result in undesirable consequences that s eriously affect the
projectAs performance [45,46]. As illustrated in Figure
agenci es moderately adopt ri sk management best practi
implementation of risk managem ent strategy in their projects is inadequate.
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6. Conclusion

This study had two main outcomes associated with highway, bridge, and roadway state DOT projects. It
determined the implementation level of effective project management strategies in transportation
infrastructure projects, and it determined the implementat ion level of effective project management
principles. The results demonstrated that team qualifications, quality management, environmental
planning, safety, and document management are the project management strategies most widely
implemented in state DOT projects. Team qualifications received the highest implementation level among
the adopted strategies, and environmental planning and quality management were ranked second and

third. The results also revealed that utelthatéheprgectsfulyct man
scoped,j J3Establish and maintain effective communicatio
to resolve conflicts and issues,j JActively oversee col
and timely and meets quality standards and regularly requiren

accounting of 70% among the DOTsA management principles

The results of this study will assist decision -makers and project managers in making key decisions
pertainingto t he selection of effective managerial strategies and principles that will deliver an infrastructure
transportation project on time and on budget, and with high level of quality.
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Abstract

Foreign aid is one of the tools the U.S. Government uses to promote stability and economic growth around

the world. U.S. Foreign assistance to the region is currently guided by the U.S. Strategy for Central America
which was announced in 2015. According to the U.S. Agency for International Development (USAID), average
U.S. foreign aid to the Northern Triangle countries exceeded $400 million per year over the ten year period
between 2008 and 2018. During this period approximately 10% of U.S foreign aid was used to fund
infrastructure projects. Despite recent investment, the World Economic Forum ranks the infras tructure of
the three countries in the Northern Triangle in the bottom half of all countries surveyed. With continued
investment and unremarkable results over the past decade, it is useful to examine the efficiency of the
investments and ensure available f unding is effectively invested. USAID is the primary conduit for the
distribution of US foreign aid. The United States Government works through several federal agencies
outside the borders of the United States and much of this work is focused on security a nd military
development in foreign countries. The U.S. Army Corps of Engineers (USACE) is one such agency and is
currently managing overseas operations around the world. The main overseas mission of USACE offices
appears to be in line with the development  of military construction projects for foreign governments. In
this paper, researchers examine the basic tenets of the proposed arrangements for the US to engage in
funding infrastructure projects in foreign countries to alleviate un -employment related issu es. The said
funding also enhances the construction talent in countries receiving such funding. This is a qualitative
research exploring the success of the proposed funding in the Norther Triangle region of Central America.
Results from interviewing key pe rsonnel and literature review reveal that this opportunity can be improved

to the benefit of all parties.

© 2020 The Authors. Published by Budapest University of Techn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: foreign aid, i nfrastructure, Northern Triangle, USACE, USAID

1. Introduction

The United States Government is currently struggling to address an influx of refugees seeking asylum at its
southern border. Immigration has a long history as a volatile political issue in the United States and around

the world. A significant portion of the people seeking asylum around the world choose to leave their native
country as a res ult of war or some form of natural disaster. Many of the refugees coming to the United
States southern border are arriving from the Central American countries of Guatemala, Honduras and El
Salvador which collectively make up a region known as the Northern Triangle. This region has struggled
recently with political economic and social unrest which has contributed to a mass migration. The United
States Government currently spends Billions of dollars on foreign aid around the world [1]. This research

will prov ide an in depth review of the portion of that aid that is directed towards infrastructure projects in

the Northern Triangle region. Despite recent investment, the World Economic Forum ranks the
infrastructure of the three countries in the Northern Triangle in the bottom half of all countries surveyed
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[2]. With continued investment and unremarkable results over the past decade, it is useful to examine the
efficiency of the investments and ensure available funding is effectively invested. USAID is the primary
conduit for the distribution of US foreign aid. This agency works through the Department of State to identify

and distribute funding through Mission Offices established in developing countries. The United States
Government works through several federal ag encies outside the borders of the United States and much of
this work is focused on security and military development in foreign countries [1]. The U.S. Army Corps of
Engineers (USACE) is one such agency and is currently managing overseas operations around  the world.
The main overseas mission of USACE offices appears to be in line with the development of military
construction projects for foreign governments. However, USACE also has a mission that includes the
development of water resources, flood risk man  agement, navigation and infrastructure and environmental
stewardship. This mission is in line with the stated goal of infrastructure development in this region. With
existing expertise in the identification, award and execution of infrastructure projects, USACE may be in a
unigue position to execute studies that ensure existing funding is efficiently utilized. Such oversight could
provide a significant impact on the value added by infrastructure investment providing a greater benefit to

the host nation and the U. S. taxpayer. This research will explore the current efforts of United States Agency
for International Development (USAID) in the role that agency plays in the distribution of US foreign aid for

the development of infrastructure projects in Northern Triangle Countries. In addition this research will
explore the role that other US Federal agencies such as USACE can play in the identification, award and
execution of infrastructure projects in Central America.

2. Literature review

The distribution of U. S. foreign aid is currently governed by the 1961 Foreign Assistance Act which

established the United States Agency for International Development as a sister agency to the United States
Department of State and attempted totopovideassisthnceramwund he g o)
the world[1]. Prior to 1961 the first large scale use of foreign aid by the United States Government was

when President Hoover created the Commission for the relief of Belgium (CRB) at the onset of World War |

in 1914, The goal of this effort was to combat food shortages in German occupied Belgium and Northern

France. Following World War |, the United States Food Administration provided millions of impacted civilians

with food.

Following World War Il the United States Governm ent used international development as a tool for foreign
policy with the Marshall Plan. This effort diverted $13 billion in aid to allow Europe to rebuild its
infrastructure and strengthen its economy. At the beginning of the Cold War, in 1949, President T ruman
proposed an international development assistance program. The goal was to reduce poverty, increase
production and combat communism in developing countries. The Foreign Assistance Act (FAA) of 1961
created USAID with a mission to promote democratic va lues abroad and advance a free, peaceful and
prosperous worl d. USAUD was tasked wi t h |l eadi ng t he
development and disaster assistance through partnerships and investment. President Kennedy also
launched the Peace Cor ps the same year. The overall intent of these actions was to spread the goodwill and
positive image of the US government around the world. The FAA underwent several changes throughout

the 1970s as the nation focused on prioritizing food and healthcare when assisting foreign nations. The
1980s largely continued the focus on food and healthcare with some large high profile events such as the

Live Aid concert where celebrities were engaged to help raise awareness it issues of hunger in developing
nations.

The1990s saw a major shift in US foreign policy with the
to sustainable development and a focus on helping nations become self  -sufficient. The events of September

11, 2001 created an extra urgency around forei gn aid as a means of creating stability. Development of

foreign countries was now seen as central to US national security. This period saw the creation of The
President As Emergency Plan for AUDS Relief and O0te Mi |l
respectively. Today we define aid as the unilateral transfer of U.S. resources by the U.S. Government to or

for the benefit of foreign entities. These resources include more than goods and funding. Aid can often take

the form of technical assistance, e ducational programming, healthcare and other services. Foreign
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governments are not the only recipients of this aid. Local businesses, charitable groups, international
organizations and other nongovernmental organizations are all potential targets for U.S. foreign aid. Over
the years, there have been a variety of strategic and humanitarian goals of U.S. foreign aid. However, there

has been an overarching theme of using aid to address crises, promote security and encourage self -
sufficiency through development

3. Research m ethodology

The research used the qualitative approach focusing on structured interviews. This process allowed
individual experience and situational knowledge to be collected and analysed. A pilot interview was
conducted using one former USA ID and State Department employee and one current construction
manager with experience executing federally funded construction projects. The questions were revised
based on feedback form pilot interview and administered through written interview questions. The
personnel considered for the interview were involved in the selection, award and execution of
infrastructure projects associated with USAID mission offices across Latin America and the Caribbean.
Project sizes that were under the supervision of the int  erviewees ranged from small local projects valued
under $100,000 to large scale multi -year national projects valued over $50,000,000.

4. Results

The interview questions were grouped and ordered into three main sections. The first group of questions
focused on the role of the interviewee within the organization and the role of the Mission Office in the
execution of infrastructure projects funded through US foreign aid. The second area of focus was the role

the office or individual played in the contractand  construction management of infrastructure projects. This
area also focused on gaining an understanding of the selection process to identify potential projects. The

final section of the interview included a focus on how each office used resources from other federal
agencies and selected projects that fit into the overall goals of larger regional programs. This section was
intended to provide a better picture on how the office operates within the larger framework of the US
Government. A total of 11 participan ts were interviewed in this research.

4.1. Content analysis

Including the subparts of each question, there were sixteen unique questions for each of the eleven
participants to answer. Many of the subparts of questions were designed to build off previous r esponses
and provide for the interviewee to expand on previous answers. This interview design promoted some
repetitive information and assisted in the development of some overriding themes. As described
previously, the questions were divided into sections  and will be analysed here in the same sections.

4.1.1 Personnel data

Udn describing the scale of the projects 72% of subj ec
addition, more than a quarter of respondents (27%) made reference to the use of inf rastructure projects
as support or supplemental to other program goals. These questions did not specifically ask about the size

or use of the funded infrastructure projects. Infrastructure projects appear to be seen as support to other
program goals instea d of potential vehicles to drive economic improvement. Despite referencing small
scale projects, the respondents did identify several sectors in which infrastructure work was being
performed in the subject countries. Figure 1 above identifies different typ es of infrastructure projects and
shows the percentage of respondents that identified each sector. In discussing the overall involvement of
each subject office in the execution of infrastructure projects, the respondents were ask to identify if they
were involved in construction management aspects or funding and procurement of infrastructure projects.

In most cases respondents answered this question to identify the overall office involvement in the process
rather than their individual involvement.
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Types of Infrastructure Projects

= Rehab Existing - 8%

® Energy & Power -31%

® Communications - 15%
Transportation - 15%

m Unspecified - 31%

Figure 1. Types of infrastructure projects referenced

The data collected indicated that 54% of respondents identified their office as not being involved in the
construction management process, as shown in figure 2. Additionally, many of the respondents us e
contract vehicles to manage construction activities rather than using agency personnel. The final question

in this section identifies 100% of respondents as not working with other federal agencies to manage
construction activities. This result is unexpec ted and may indicate that an agency wide policy is in place
requiring that funding be used only through USAID. More research should be conducted to determine the
accuracy of this information and the reasoning behind the response.

Office Involvement with Infrastructure Projects

® Funding Distribution - 27%
= Construction Management - 19%
® Both Construction & Funding - 27%

Neither Construction or Funding - 27%

Figure 2. Office role i n project execution

4.1.2 Project execution data

Three of the respondents did not indicate a level of involvement, the remaining respondents either focused

on their own personal experience or identified a USAID policy that identifies the Agreement Officer (AO) as
the authorized individual responsible for contracting agreements with new construction projects. In both

cases, responses were very much influenced by USAID agency policy. The data shows that local
governments and the private sector play an externa |role in identifying projects to USAID. In addition, USAID
does utilize some technical expertise to identify and fund some projects. The information gathered
supports the general position that respondents were satisfied with current levels of infrastructu re
investment but feel the subject countries would benefit from additional funding. Interviewees confirmed

that once projects were identified, environmental reviews were required to allow the project to proceed.

All of the respondents confirmed that USAID followed federal contracting guidelines. One critical issue in
the execution of federal contracts is the ability to execute contract modifications. Without convenient
access to a contracting officer, minor construction issues have the potential to create huge delays,
potentially stopping progress. However, USAID respondents indicated that access to contracting decision
makers is not an issue, even in the sometime remote areas that USAID projects are executed.
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Interviewees were asked about performance metr  ics in the execution of USAID infrastructure projects. Over
45% of respondents used the question to identify how overall offices are rated. These respondents
discussed the number of projects completed and renovated. As discussed in the literature review se ction
of this paper, there is not an agreed upon method to measure the success of foreign aid. The benefits may

not be evident in analysing numbers of projects or population impacted. The intent here is to see if standard
construction metrics such as sched ule reviews or quality control are being implemented so the projects do

not experience cost or schedule growth due to mismanagement. Some responses did indicate the use of
contracting measures to manage construction, however, none of the responses referenc ed standard
construction tools to ensure project delivery.

4.1.3 Program level data

Finally, participants were asked about how individual offices fit into the larger structure of the United States
strategy for the region. The intent of this line of questioning was to determine if infrastructure projects are
identified in order to support larger program and regional goals, specifically the stated strategy of the
United States Government in Central America. Responses from all offices noted that projects are in line
with regional goals. Most of the respondents choose not to elaborate on thei r responses by giving examples
of how projects are selected to meet the goals of regional programs. The final question addressed
interagency coordination referencing some of the other agencies or organizations involved in the
distribution of United States foreign aid. Here again respondents did not provide a large amount of detail

in the responses. Generally the responses indicated that projects were coordinated on an activity
implementation level but not a funding distribution level. Respondents referenced program level
coordination, however, two of those respondents were in positions that did not make program level
decisions.

This section of questioning provides an example where the requirement to submit written questions and
answers limited the ability o f the interviewer to pull more information out of the responses. It is also
possible that the respondents were experiencing fatigue at the end of the interview and simply rushed to
complete the responses. These limitation will be discussed further in the f inal chapter of this research.

Overall the responses confirm that individual mission offices are aware and do track larger regional goals
but they do not provide any significant insight into how individual infrastructure projects are selected based
on lar ger regional goals. Similarly, mission offices confirmed that they are engaged with other United States
Federal Agencies. However, the responses do not provide insight into how the agencies work together to
effectively spend U.S. foreign aid money to accom plish regional goals.

4.2. Thematic analysis

Three predominant themes were identified in the analysis of the data collected in this research. The three
themes are: Limited use of infrastructure projects, a focus on using existing USAID agency policies and
procedures and limited coordination within US Government Agencies.

4.2.1 Limited infrastructure i nvestment

One of the main themes identified through analysis of the data appears to be the limited execution of

infrastructure projects. While funding data in  dicates that the subject countries have executed some large

multi -year infrastructure projects, the majority of the infrastructure funding over the past ten years is used

to fund small scale renovations of existing infrastructure. Respondents were asked to describe the role

their specific mission plays in the distribution of funding to support infrastructure projects as well as the

types of projects typically funded in their respective countries. Responses to these questions referenced

small scale projects that are required to compliment other projects and overall program goals.
Respondent s described current infrastructure progr ams
describing projects that involve rehabilitation and repairs to existing structures.

Responses also reinforce the idea that subject countries would generally benefit from an increase in
infrastructure funding. While these responses were somewhat muted and noted that needs were largely
met, they also indicated that subject countries would ben  efit from additional funding. As noted in the
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literature review section, infrastructure development is a stated goal of the US strategy for Central America.
Concerning the use of environmental reviews, results did not indicate that USAID is actively using such
studies to identify projects but rather as part of the analysis of a project that has already been identified.

This supports the possibility that some projects may not be identified and therefor may not receive funding.

While the data collected in thi s question does not confirm that projects are left unidentified, it suggests that
reviews and studies could be used differently by federal agencies in an attempt to identify potential
projects. Further research would be necessary to confirm this hypothesis

4.2.2 Existingagencypolicies

When analysing the collected data with a focus on construction management and metrics the respondents

often deferred to references of existing USAID policies and procedures. Participants were questions to

determine if qual ified personnel are involved in the management of construction activities. The
requirements | aid out in USAUDAs Automated Directives
chapter of this research and identify policies and procedures to minimize c onstruction risk.

Respondents provide extensive references to the Automated Directives System (ADS) which contains the

organi zation and functions of USAUD along with policies
and operations. When addressing o versight of construction activities, respondents specifically referenced

ADS chapter 303 z USAID Implementation of Construction Activities and ADS Chapter 201  z Construction

Risk Management. Program managers involved in this study consistently referenced t he requirements of

ADS in responses.

While this information is useful in the context of how individual mission offices manage construction
projects, it is important to relate these responses to the responses to questions relevant to the volume of
work res ponding offices execute. Responding offices generally indicated that infrastructure projects were
a small percentage of the aid projects typically funded. As such, the offices may be using published agency
policies to indicate how they would manage project s if the volume of infrastructure work were to increase.
This hypothesis is not tested in the data collected in this research and may be a topic for further study.

4.2.3 Federalagencycoordination

The subject of interagency coordination was a focus of tw o of the questions in the interview. This theme is
a main focus of this research and can provide a first -hand account of how effectively the US Federal
Government works across agencies when operating in a foreign country.

One question asked the respondent to provide direct information regarding how USAID works with other

US federal agencies in the management of construction activities. Another question was more focused on

the coordination of the distribution of funding across agencies. In both questions th e responses were
unanimous. It is clear from the data collected that USAID will coordinate the distribution of funding with

other agencies to meet regional goals but does not coordinate or work with other agencies to manage
construction activities.

5. Conclusions

There were three main themes identified in the data collected during this research. The first overriding
theme is the limited use of infrastructure development. The second theme was the use of standard policies
in the management of construction ac tivities. The final theme was the inadequate coordination between
United States Government Agencies. Recommendations for each of the three themes is outlined below.

5.1. Funding levels

Data collected strongly suggests that while infrastructure projectsa  re funded, most countries would benefit
from additional infrastructure funding, as evidenced in literature [3]. This statement is valid in most areas

of the world. Even in developed countries like the United States, there is a continuous need to reinvest a nd
support infrastructure projects. This is highlighted through recent news of issues with drinking water in

Flint, Michigan and the continued low ratings for the condition of bridges in the United States issued by the
American Society of Civil Engineers.
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Many opponents would argue that the United States Government should focus on these internal
infrastructure issues instead of spending money on the shortcomings of infrastructure in developing
nations. This research did not collect data or make recommendat ions on the overall funding levels of
foreign aid. However, the data collected does confirm that a small percentage of the overall foreign aid
budget is directed towards infrastructure projects. This is true across Latin American and the Caribbean
region d espite the fact that infrastructure investment is a key element of the 2015 Strategy for Central
America and the Alliance four Prosperity Plan. While most respondents indicated that appropriate levels of
funding did exist, they also noted that additional f  unding would be of value. This statement is supported by
data gathered on the percentages of total foreign aid used on infrastructure projects [4]. This data shows
that in the Northern Triangle Countries, less than 1% of the foreign aid budget is directed to infrastructure
projects in most years [5],[6],[7]-

The data in this research did not identify a strong force within the existing organization of the United States
Federal Government that is championing the use of foreign aid on infrastructure projects. There appears
to be an opportunity to reallocate some existing funding to study and identify potential infrastructure
projects. However, without an organizational focus on infrastructure issues, these projects are not likely to

be identified. If infrastru cture investment is important enough to be a stated goal of the regional strategy,
there needs to be a central focus within USAID to study and recommend potential projects. As
infrastructure development is a key focus of the regional strategies developed b y the Northern Triangle
Countries and the United States Government, infrastructure spending should be a larger focus of foreign

aid projects.

5.2. Existingagencypolicies

Responses referenced several United States and USAID agency publications includ ing the Federal
Acquisition Regulation (FAR), USAID Acquisition Regulation (AIDAR) and Automated Directives System (ADS).
These references are largely focused on the acquisition process. References to construction management

are largely absent in these sta ndards. While data indicates that USAID engineers are involved in some
construction management activities, these functions are limited. Responses also indicate that there is an
established process in place to manage active construction projects and this sy  stem is used on all projects.
While standardization is necessary to maintain a consistent product, there is risk in a failure to adapt to the
unique conditions that may exist in the construction environment. While many of the respondents were

not involved in the field level management of construction projects, it is still notable that project specific
plans were not mentioned in the responses provided. Chapter 2 of this research touches on the difficulty

in assessing success of a foreign aid project. There are a myriad of factors that can impact these projects
and many of these factors will be unique to individual projects. USAID appears to be effectively applying
standards across construction projects but not focused on developing project specific plans to address site
specific construction risks.

Based on the information gathered, traditional construction metrics such as schedule reviews, quality
control and safety statistics are not tracked on projects receiving foreign aid. Instead, metrics focus on the
number of structures rehabilitated or repaired and what value is being received for the number of dollars
provided. The data suggests that there is a lack of oversight in the actual construction phase of
infrastructure projects. Without such oversight, the potential exists for projects to be less efficient.
Providing organizational standards for construction activities across USAID could result in a more effective
use of existing funding.

5.3. Inadequate coordination

Data collected strongly suggests that pr ojects and funding are not coordinated with other Federal Agencies
within the United States Government. USAID respondents indicated that mission offices do identify projects
based on the goals of larger regional strategies. However, construction does not a ppear to be coordinated
with other agencies. Funding through USAID represents a significant percentage of overall foreign aid
funding, there are other organizations and agencies with robust aid programs in these same countries. The
projects do not appear t o0 be coordinated between organizations at a local level.
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Organizations such as the Millennium Challenge Corporation (MCC) engage and assist foreign countries in
soliciting and awarding public -privet partnerships, grants and other program procurement metho ds to be
administered by partner countries. Currently MCC is engaged with the government of Guatemala with the
Guatemala Threshold Program. This is a $28 Million grant program working in part to stimulate more
private funding for infrastructure projects. T  he Government of Honduras has a similar $15.5 Million grant

to create more effective public -private partnerships in the country. In El Salvador MCC is working with the
government through a $277 Million grant desi gsnand
productivity through an integrated set of investments in infrastructure education and public -privet
partnerships. Data collected in this research suggests that USAID is not engaged with MCC in any of these
efforts. While respondents did indicate that  funding was coordinated with other government agencies,
there was no involvement across agency lines in the management of construction activities. In addition to
organizations such as MCC, the United States Army Corps of Engineers has an extensive network  of offices
involved in construction activities across Latin America and the Caribbean. The USACE program has
construction offices in two of the three Northern Triangle countries as well as extensive contracting and
engineering support with reach -back capabilities in the United States. The USACE program does not
currently work with USAID to identify or manage projects. Several of the responses from USAID mission
offices indicated that engineering and construction support are often awarded as part of a const ruction
contract due to lack of resources. With clear construction management options currently functioning in the
region, the United States Government needs to be more aware of its own existing resources. The figure
below illustrates the existing footprin t of USACE in Latin America. The USACE program represents an
existing construction management element within the framework of the Federal Government that could be
employed to implement some of these recommendations.
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Abstract

Complexity has become a major keyword when it comes to organization issues in Construction and Real
Estate Management. Expressed via many different theoretical definitio  ns, complexity in terms of
management represents the part of organization which is simply not manageable. Therefore, reduction of
complexity by separating a system into independent well  -defined and well -controlled subsystems becomes
a major task. However, since construction and real estate projects are becoming larger, encompassing
higher volumes as well as higher numbers of participants and are nonetheless subjected to strongly limited
time -frames and budgets on tight markets, efficient organization develo  ped into the crucial issue to stand
a competition successfully.

On this background, engineering naturally focuses on saving costly resources, where the explicit value of a
single measure can easily be derived from the cost of the resource and the duration of the therewith
reduced time floats. This leads to well -known concepts, e.g. just -in-time -delivery, where a system is
optimized with respect to physical resources as well as virtual resources like storage space or reserve time.
However, as this s trategy clearly saves explicit local resources, concurrently the coupling of processes via
the required availability of physical and virtual resources, ranging from pre -products to decisions, plans
and responsibilities, is strongly increased and, thus, com  plexity is reintroduced to a significant degree.

This paper proposes an approach on the basis of Systems Theory providing an explicit measure to evaluate

the increase of complexity in relation to possibly saved resources. Since cost of complexity are not g iven a
priori but result from possible deviations, this article investigates the propagation of virtual uncertainties

of real and abstract pre -products through a network of given complexity. On this basis, some general rules

are derived allowing to maintai n the balance between saving resources and the therewith increasing cost

of the consequently rising complexity.

© 2020 The Authors. Published by Budapest University of Techn
Peer-review under responsibility of the Scientific Committee of the Creative Construction Conference 2020.

Keywords: complexity, systems theory, lean management, construction management, real estate management

1. Introduction

Long since, construction management suffered from the very  specific task to get the production of a unique
product organised [1, 2], in particular within a heavily specialised context [3]. Based on the definition of
general processes, the uniqueness of products no longer poses a problem as the production as well a s the
planning processes become standardized [4] and the uniqueness is reduced to concatenating elements in

a specific way [5]. Then, only a limited humber of parameters describes the standardized processes and

the task is changed to precisely determining these in advance. The processes themselves are
predetermined (see e.g. [6]) and equipped with superordinate control -mechanisms ensuring the required
results within the given margins of quality, cost and time [7].
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So far, the overall production is formed by a system of interacting elements/objects [8] which can be
described by the Theory of Systems [9, 10, 11] accordingly. Elements may be given as physical modules as
e.g. in Building Information Models (BIM) [6], however, in this context they are exclusively understood as
processes. Depending on type, direction and strength of coupling these objects, such systems tend to
develop dynamical behaviour [12, 13], which needs to be understood and taken into account [14, 11, 15].

A well-known side -effect of the sta ndardisation of processes is the new focus on the concatenation
parameters, drifting away from the actual content of the processes as is intended. However, as a
consequence, the production processes, in particular including the respective controlling struc tures, are
expected to fulfil their task perfectly well [16].

On this background, planning is reduced to the  z nonetheless demanding z task, to define the complete set
of parameters coupling the numerous processes which in the end lead to the final produc t. So far, project
management focuses firstly on the separation of the overall task into a number of processes in a well -
structured way and secondly on reconnecting them into an output -oriented production system [17, 18, 19,
20].

The very engineering -like approach to optimize this with respect to the consumption of resources focuses
on the total set of processes, in particular avoiding any idle running as the major wastage [21, 22, 23]. In
order to do so under the pressure of tight schedules and low margi ns, pains are taken to couple processes
as closely as possible, thus minimizing time floats and tolerance regarding perfection of pre -products [24].

Since tight and numerous coupling of a set of processes is measured in terms of complexity or connectivity
[25, 26, 27, 20], this inevitably leads to an increase of complexity of the respective projects [28, 29, 30]. In
contrast, it is commonly well -known that reduction of complexity is an important general goal [31, 32, 33],
however, there is no quantitative description of measures and consequences available. As a significant
number of current projects, in particular in construction management, teach, despite very careful planning

and investing high engineering skills, these tend to fail their ambitious goals, probably due to the
introduction of an unmanageable degree of complexity [34].

In general, there are two major issues to be considered in this situation. First, investing resources in
controlling mechanisms allows for safely achieving given goals, howeve r, only within well -determined limits
which directly depend on the quantity of available controlling resources. Therefore, still some well -defined
degree of indeterminacy remains and needs to be taken into account [35]. On this background, secondly,
asthequal itative understanding of principal fuzziness
investigated [21, 22, 23]. One of the there mentioned aspects, in very short, is to focus on the final
production processes since these are generating most  of the value and they are most likely to suffer most
from any deviations. This is in contrast to classical hierarchical approaches which pay most attention to the
processes close to the start of causal chains in order not to bring in any deviations at all

In this paper we propose a formal model of understanding of the major balance of saving resources by
ensuring very safe intermediate products and the inherent cost of complexity introduced by the therefrom
resulting tight coupling of processes. On the v ery fundamental basis of systems theory, finally some rules
to avoid unpredictable results are developed and recommended.

2. Complex network s ituation

The approach presented here is based on the structure of a general network of processes, where most
proc esses are dependent on the outcome of some other processes. This structure is principally modelled
as a graph comprising predecessor nodes and successor nodes connected by directed edges indicating
direct dependencies. Following the principle of a graph -theoretical network plan can be safely assumed
that the graph is loop -less and holds exactly one source and one sink node [17, 4, 18, 2]. Thus, a strictly
causal sequence can be determined and formulated as a graph -theoretical rank [16]. Furthermore, in
accordance to the definition of activities, linear production as well as linear consumption of temporal and
consumable resources is given [5].
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Understood as activities, these processes make use of resources, partly assigned solely to the particular
process, partly shared between several processes. Under all circumstances, the activity  -nodes are coupled
either by the availability of shared resources or by dependencies introduced by the requirement of pre -
products.

All activities are assumed to be well -defined un der the responsibility of a perfectly hierarchical approach
according to a graph -theoretical tree -structure and, thus, the required methods, results and resources are
unambiguously given. On this basis, sensibly, all processes are equipped with appropriate control -loops
making sure that possible deviations remain within a given corridor. Nevertheless, even with very tight
controlling deviations will occur but remain limited [15, 16].

Finally needs to be preconditioned and accepted, that since deviations of the output of a process lead to
deviating input values of the succeeding nodes they therefore travel through the network.

All types of interdependency can easily be expressed as directed edges, so that only a ranked network plan
needs to be considered as t he fundamental structure to be investigated.

2.1. Local deviation of a single process/activity

The result of a process can be formulated as the value of a single variable, which corresponds to some
degree to the target value. In this context a varying dura  tion D corresponds directly to a varying result since
the linearity of an activity allows achieving the target value consuming respectively more or less time.
Therefore, all kinds of deviation of production can as well be expressed as undertime or overtime. In order
to maintain linearity and, due to no better information, the given deviation of D- D°t/2at max is

assumed following a constant distribution: ~ P(¢)dt= 7'dt

2.2. Interaction of processes (Actiities)

In general, networks with no invisible deeper structure are described by some well -known parameters [10,
30, 25]: The impact =z counts the average number of direct successors to any other node, interoperability
x describes the average number of direct predecessors. Complexity a of a network is furthermore

formulated as the information [25] within a step proceeding from a node to an average successor with
respect to the maximum i nformation: a =In( x 4)/InN

For the present situation, the number  x of direct predecessors to a node defines the precondition of the
successor S to start, therefore we assume the activity S to require all X activities to be completed and
finished to the predefined outcome and time.

As pointed out in [30] and based on a constant distribution, the relative loss to a Xx =1 situation is

2ADD( )(:( )(1) /( Zb}in units of ¢ /2, which reflects the probability of  x activities to be all finished to

perfection.

2.3. Local interaction of deviating processes/activities, separability and coupling

In order to avoid transferring any deviation resulting from a preceding activity the consequent process
needs to allow for a reserve time which at  least equals the maximum overtime /2, i.e. tightness of coupling
is set allowing for full reserves ¢ /2. This situation, where each activity runs on its own, is addressed as
Jcompl etely separatedij

The resources required for full separability are under these circumstances given by R=t/2 O ,wheret/2

is the possible deviation, x the number of required activities and /1 the required resources per time.

For this approach we generally assume an average value 5 representing cost per time which is assigned to

the resources needed for production but as well stands for the generation of value on the basis of these
resources.
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In contrast to the fully separated situation, a complete transfer of deviations, i.e. allowing for no reserves
per preceding activity,t he succeeding process S is understood as Jc
resources would be , however, the taken risk develops from the requirement of consuming

adequate resources according to the probability of at least on e pre-process to fail to some degree:

: (1)
where is the possible deviation, the resources per time to the power of due to the increase of
value with joining processes, and the probability of one out of pre-processes to fail. The

background of the approach as generation of value is the understanding of the value of a subsequent

process being formed by predecessors as factors. Therefore, the generation of value of the predecessors
are to be multiplied yielding the value of the successor.

2.4. Local interaction of deviating processes (Actiities) - Balance

The balance of both the extreme situations compares the resources saved by tight coupling to the possibly
taken risk earned by introducing this degree of complexity

)

As long as , i.e. no deviation is possible, meaning only perfectly stable and safe results are presented
to the next rank, and no advantages can be taken from avoiding complexity.

3. Connectivity of network development of cost

Fig.1. Development of a risk through a network tree.

Any deviation as a consequence of failed completion somewhere within the network is assumed to be
carried throughout the network until the causal chains are terminated. The given interoperability

describes the number of affected consecutive processes per level. In this consideration, losses by delayed
processes are accumulated for all affected processes, since any deviation from a pre  -set schedule requires
the presence of the scheduled r esources beyond the scheduled time. So far, the structure of a graph -
theoretical tree is assumed. Branches may in reality very well be reunited, forming an incomplete tree.

However, recombining might mean recombining the same problem twice. Thus, the compl ete tree-
structure needs to be taken into account. Therefore, the number of affected processes per level is where
the number of levels is corresponding to the cardinality N of the order of the maximumra nk ,i.e.the

length of causal chains. Therewith, any deviation leads to a number of z affected processes.

®3)
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