I infrastructures MBPY

Article

A 5D Building Information Model (BIM) for Potential
Cost-Benefit Housing: A Case of Kingdom of Saudi
Arabia (KSA)

Ibrahim Alrashed ! and Komali Kantamaneni 2-*

1 MOMRA (The Saudi Arabia Ministry of Municipalities and Rural Affairs), Riyadh 13531-3337, Saudi Arabia;
eibrahimar@googlemail.com

Research and Innovation-Maritime, Technology and Environment Hub, Solent University, Southampton
S014 0YN, UK

Correspondence: Komali.kantamaneni@solent.ac.uk

check for
Received: 19 March 2018; Accepted: 4 June 2018; Published: 10 June 2018 updates

Abstract: The Saudi construction industry is going through a process of acclimatizing to a shifting
fiscal environment. Due to recent fluctuations in oil prices, the Saudi construction sector decided
to adjust to current trade-market demands and rigorous constitutional regulations because of
competitive pressures. This quantitative study assesses and compares existing flat design vs.
mid-terrace housing through cost estimation and design criteria that takes family privacy into
consideration and meets the needs of Saudi Arabian families (on average consisting of seven
members). Five pilot surveys were undertaken to evaluate the property preference type of Saudi
families. However, Existing models did not satisfy the medium range family needs and accordingly a
5D (3D + Time + Cost) Building Information Modelling (BIM) is proposed for cost benefiting houses.
Research results revealed that mid-terrace housing was the best option, as it reduced land usage and
construction costs. While, 5D BIM led to estimate accurate Bill of Quantities (BOQ) and the appraisal
of construction costs.

Keywords: flats and mid-terrace houses; cost estimation; 5D building information modelling (BIM);
Saudi Arabia

1. Introduction

Appraisal of costs in construction projects is a significant element for decision making in both the
early phase and the later phases. The construction phase based on Quantity take-off (QTO) is purposed
for procurement and forecasting construction costs [1]. The significance of sufficient housing for the
residents of any nation or society cannot be overstated. Adequate housing is an essential need in every
civilization and the value of adequate housing for communities, individuals, families, and society is
rarely questioned. Economic prosperity and urban development have been excelling for two decades
in the Kingdom of Saudi Arabia (KSA). Economic factors challenge the application of sustainable
housing in Saudi Arabia, where an astounding 70 per cent of the population is renting. Even worse,
rental accommodations are not sustainable [2]. A study conducted by a Saudi construction company,
which gathered information from over 30 real estate developers in the city of Riyadh, found that
an average detached house for a single family in the city of Riyadh would cost around $428,793 [3].
The study also shows that the percentage of Saudi families that can afford to buy this house is around
56% of the total population of the city of Riyadh. With almost half of the population in the capital
city unable to afford to buy or build a house in that budget range, the issue of providing adequate
affordable and sustainable housing is vital.
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However, a housing shortage has resulted due to the increases in rental prices [2,4,5].
The tremendous increase in demand for new and advanced housing units prompted the use of modern
architectural construction methods and design styles. Further, the prominent modern styles include
the Western-styled villa and multiple story apartments [6]. Nevertheless, the problem of housing
shortage has persisted, especially among low- and middle-income earners. Even when one managed
to secure housing, it was neither sustainable, nor efficient in the provision of the cultural needs of
the occupants [2]. Accordingly, the kingdom needs to construct 40,000 houses and 500,000 properties
for low-pay residents to help facilitate the expanding deficiency and meet the normal populace
increase [7,8].

1.1. Building Information Modelling (BIM)

Building information modelling (BIM) comprises software to produce a proposal model for
a building that responds to change in the way that the actual construction outlines [9,10]. It is
devised to create a combined and cooperative method to make construction feasible. Many users
believe that BIM can be fiscally sophisticated and will ultimately include integrated cost modelling,
construction sequencing, and service management competencies [9,11,12]. Moreover, there are two
types of BIM software: authoring software and synchronization software [13]. Due to technological
evaluation, solitary software packages must be used that encompass both elements. ArchiCAD
is a common authoring software program that has been used to create 2D and 3D drawings of
the proposed Mid-Terrace house. BIM coordination software is hypothetically ground-breaking for
building management and contractors. As well, Vico software is useful to take the model that was
made by ArchiCAD software and attribute cost, scheduling, and other material to it to make it an
instrument for accomplishing amended project distribution [14].

The geometrical information carried by each modeled building component helps coordinate the
space conflicts in the building design process, which is also the main benefit of the BIM. For example,
the new General Motors (GM) Lansing Delta Township (LDT) Assembly Plant was built 5-8% under
budget and 25% ahead of schedule by the aid of a well-developed BIM [15]. Eastman et al. [16]
shaped the basic building framework while contractors were uploading and updating information
about the components they were designing, fabricating, and installing into the BIM. Most of the space
conflicts had already been identified within the model before the engineer working on the 2D drawings
found some issues. Over 12 months, more than 10,000 interferences were identified and resolved in
this project.

1.2. 5D BIM

The development of 5D BIM (3D + Time + Cost) is gaining popularity and project cost management
organizations are focusing more on this because of its huge advantages. Academic research regarding
the implementation of 5D BIM and the vital role the project plays in cost management is attaining
vigorous acceptance across the globe [17-20]. Initially, the American Society of Professional Estimators
(ASPE), The Association for the Advancement of Cost Engineering International (AACE), and
the United States Army Corps of Engineers agreed to work together to resolve cost construction
engineering related problems. The primary determination was to improve structures and procedures
for the association and management of cost construction engineering and assessing over the
development of a project. The association endures to regulate and organize with ever-changing
criteria, so that the procedure of separating and processing the 5D (cost) information from the BIM
is evidently defined. An Australian quantity-surveying firm (Mitchell Brandtman) market their firm
as ‘5D Quantity Surveyors and BIM Advocates and Specialists’. Mitchell [15] observes this as the 5D
‘Living Cost Plan. The evolving research is vital to the emerging nature of 5D BIM application in the
construction industry. Evidence relating to 5D BIM usage savings comes from individual participants;
i.e., consultants or contractors [21]. The Mansion on Peachtree Atlanta, a $111 million project, gave a
cost benefit of $15,000 (Net BIM savings $6850).
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Many researchers, such as, Forgues et al. [22], Marzouk et al. [23], Azhar et al. [9] Jung and Joo [24],
Popov et al. [25], Mills et al. [26]; Broekmaat [27], Wang et al. [28], Russell et al. [29], Mitchell [15],
Zhang et al. [30], McCuen [31], Gjoystdal et al. [32] Pishdad-Bozorgi et al. [33], Mouflard [34],
Philipp [35], Yung and Wang [36] and Zhou et al. [37] have developed several designs for cost benefit
housing in recent periods. They also offer the advantages and disadvantage of 5D BIM, which are
the interlinking of costs and time at various capacities. All these designs were deemed unsuitable to
the KSA construction environment, both physically and fiscally, however, and did not satisfy most
medium range family needs. Accordingly, a 5D BIM proposal for cost benefiting houses that evaluated
the fiscal costs of a project for the KSA via the quantitative approach was conducted. In addition,
surveys (5 pilot studies) were also conducted to assess the public’s choices on the new housing styles
across the country. This whole process was assessed by incorporating a methodology; i.e., the Two
Path Analysis (2 PA).

2. Comparison of Housing Styles

2.1. Terraced House (UK vs. KSA)

Individual houses in the form of adjoined rows with a shared common wall have been very
popular since the 18th century. These houses look almost identical, with the same height and
width. Particularly, these houses are very popular in the United Kingdom from a fiscal perspective.
Accordingly, this study applies the style of UK mid-terrace house (Figure 1a,b) (which has found great
success in the all parts of United Kingdom) to the KSA to reduce project costs and time by using 2 PA
through the assessment of the BIM software programs.

(a) (b)

Figure 1. (a) Existing Standard Economic Housing Models in the UK, Source: Spring Field [38]; (b) New
housing projects in the Kingdom of Saudi Arabia (KSA), 2013, Source: CPI Media Group [39].

2.2. Flats (UK vs. KSA)

The continuous uptick in the cost of housing encourages people to live in flats. According to
Wang and Li (2006), buying a house/flat is a multi-criteria effort that concerns the type of housing,
neighborhood, site, etc. The huge growth of investment in flats is altering the structure of the landscape
of property investment [40]. Flats save space enormously, however, most people across the globe,
including the KSA and the UK, do not show a huge interest in living in flats. Most councils in the UK
built these types of houses (Figure 2a) to satisfy the low and middle-class needs of the people. Similarly,
the people of KSA, who have low-income, live in such houses (Figure 2b), but some high-income
communities are given the choice to live in very posh flats.
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Figure 2. (a) Existing Standard Economic Flat Models in the UK, Source: The Sun [41]; (b) Existing
Standard Economic Flat Models in the KSA, Source: GCS International Consulting [42].

3. Data

The data (Table 1) were collected from the KSA procurement, housing, and finance departments.
While, five surveys were conducted across the KSA in-between January and December 2014 and
September 2015, for perceptive consumer choices on dwellings in recent periods. Communicated
nearly 510 participants while, only 365 agreed and offered their opinions. Questions were structured
in a manner whereby participants were able to understand their intentions and meaning. Due to
the cultural restrictions, most of the female candidates did not show an interest in participating.
However, telephone surveys were conducted for them with the assistance of female aides to overcome
the language and cultural barriers. Survey data, which was analyzed by advanced Excel, was used
to understand the people’s choices on the housing styles of KSA in recent periods. On the other
hand, the collected data regarding construction was analyzed by using the 17th version of ArchiCAD,
Vico software to design 5D BIM for cost affecting homes.

Table 1. Data collection and sources.

Data Collection Source Software for Analysis
Method One KSA procurement, housing, and finance departments Arc‘};ilc(f)AD
Method Two 5 Pilot Surveys Advanced Excel

(At various places of KSA)

4. Methodology

Kantamaneni’s [43] basic methodological concept has been adopted for the current study to
assess and propose the costs and new designs for Flats vs. Mid-Terrace housing via 2 PA (Figure 3).
This methodology contains two important phases: Path One (P1) and Path Two (P2). However,
this study uses the quantitative approach to develop and evaluate 5D BIM for cost benefiting houses
as well as to know the public’s opinion of housing styles in KSA. This whole process was done and
assessed by incorporating a methodology; i.e., 2 PA.
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1.Design Novel SD BIM
2. Cost Estimation of Construction

Path 2 Projects

2 Path Analysis

5Pilot Surveys Path-1

Figure 3. Two Path Analysis (2 PA). Adopted form Kantamaneni et al. [43].

I. Path One (P1)
Pilot Surveys

5 Pilot surveys were undertaken in various parts of the KSA. These pilot studies were undertaken
in a 2 vs 3 method; i.e., a survey restricted to only 2 questions (Table 2) with 3 possible answer
choices. The questionnaire was distributed to male participants in Jeddah, Riyadh Jeddah, Makkah,
Eastern Region, and other places, while female candidates were asked the questionnaire over the
phone. Three hundred and sixty five respondents formed the pilot study groups to assess both
the methodology and results. These questionnaires were analyzed to appraise the people’s options
regarding housing styles.

Table 2. Quantitative survey (5 pilot studies) questions with three-answer choice.

Number Questions Possible Answer Choices
1 Do you like to live in Flats? 1. Yes (Agree)
’ Do you like to live in 2. No (Disagree)
Mid-Terraced Houses? 3. Not Known

II. Path Two (P2)
Establishment of 5D BIM as well as an estimation of construction costs (Quantitative)

This study suggests a new design to analyze precisely the project costs of KSA construction
projects and to support fiscal decision making for contractors based on 5D BIM. The structure considers
quantities of tools, quantities of the workforce, and quantities of resources, the schedule of project,
payment period, and the lead-time of material orders in order to estimate the definite project elements.
Moreover, decision makers and contractors can compare several substitutes over considering the
diverse strategies for the smooth running of the project.

In order to formulate a 5D BIM, four key phases are required. They are

i. Generation of 3D BIM
ii. Bill of Quantities (BOQ)

a. Quantity Take-Off (QTO) extraction
b. Bill preparation
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e  Estimate of volumes, areas, etc.
e  Entering the portrayals and squared dimensions
e  Accumulating objects together and offering in a recognized bill order

iii. Schedule data and Quantity take-off integration
iv. Data of costs and agenda laden QTO list amalgamation and synchronization

However, a BIM comprises complete semantic and geometric material and can be transferred
to a 5D software platform to produce a BOQ. By connecting the Quantity take-off tilt with the
outward timetable catalogue, the schedule-loaded Quantity take-off tilt is created. By assimilating the
schedule-loaded Quantity take-off tilt with the outward cost catalogue, the cost-loaded project can
be assessed. The cost-loaded timeline folder can then be introduced to the 5D platform to generate a
5D BIM and comportment 5D simulation. In this process, time management and clash detections are
very vital.

5. Results and Discussion
5.1. Path One (P1)

Surveying

Survey results reflected the views of 365 responses of selected communities, participants were
mainly from:

e Riyadh—75

e Jeddah—78

e  Makkah—65

e  Eastern Region—53
e  Other places—94

These results were analyzed and used as supporting data to evaluate the housing style choices
as a part of this study. Of the 365 respondents, the majority of the respondents did not like the flats
but expressed an interest in terraced houses/individual houses. Moreover, an insignificant number of
respondents were fairly neutral (Figures 4 and 5).

300
e
o
o
£
3
z
3
c
]
§ 50
@ 15
® ==
Yes No Not Known
Respondents Answers

Figure 4. Quantitative survey (5 pilot studies—question -1), respondent answer patterns.
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Figure 5. Quantitative survey (5 pilot studies—question -2), respondent answer patterns.

5.2. Path Two (P2)

5.2.1. Establishment of 5D BIM

With a comprehensive design, the goal of this 5D BIM is to offer a graphic design appraisal
with dynamic links to the model material that will offer a base living cost plan that can be used for
developing design and bidding activities. As mentioned in early paragraphs, 3D CAD models are very
popular in the BIM. However, 4D and 5D models are gaining popularity rapidly due to their unique
futures (Table 2). This study examined the designs of Mid-Terrace houses (designed with Vico and
ArchiCAD software). Initially 3D CAD models were created (Figures 6a—d and 7) using ArchiCAD
software for the proposed houses and were then published and exported to Vico software.

Figure 6. (a) Ground floor plan of the proposed design; (b) Second floor plan of the proposed design
and; (c) Frist floor plan of the proposed design (d) 3D perspective of proposed house.
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Figure 7. Perspective for block of mid-terrace houses.

After exporting designs to Vico, we then activated the 3D models and created a library of Materials
codes (LMC), including a unit price for each item (or building material) that helps users for Saudi
construction projects. From there, they were imported into Excel software to automatically validate
and calculate the accurate quantities from the model, including recalculating many versions of the
same project in case of a change, or a design alteration, to obtain the final BOQ for the proposed
mid-terraced houses. (Figures 8 and 9).
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Figure 9. Summary of the Bill of quantities (BOQ) as it appears on the Vico software.

For instance, identifying and coding any item, such as a slab foundation, needs to have the
following description: 1.01.01.01.02.01_Slab foundations: Reinforced concrete, 200 mm depth, C30,
350 kg/m3, power floated finish, Net Volume, and unit cost, e.g., SAR1000 (£200). Consequently, it
needs to be linked and integrated into the same item/material in the 3D ArchiCAD model along
with the schedule and cost data. Creating a library of codes (LOC) for Saudi construction projects,
(Figure 10) including a unit price for each item (or building material) helps users. Figure 10 shows
extracts from the library of codes required for the production of a bill of quantities with unit prices.
Consequently, it needs to be linked and integrated into the same item/material in the 3D ArchiCAD
model along with the schedule (Gantt Chart—Figure 8) and cost data. While, the Gantt chart of the
project schedule illustrates the time and dependency for each activity, the Critical Path Method (CPM)
for the project, and the completion date.
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Figure 10. Extract from the library of codes (LOC) required for the production of a bill of quantities

with unit prices.

By creating a LOC for Saudi construction projects, complete with the unit prices for each item
(i.e., labor, plant and materials), users can link and integrate the 3D model created and exported by

ArchiCAD to Vico Office software. This can be automatically validated and calculated for accurate

quantities from the model, including recalculating many of the versions of the same project in case of
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changing an order or with design alterations to get the final BOQ. For instance, to identify and code
any item, such as slab foundations, it needs to be described as the following:

Code 01.01.01.01.02.01_Slab foundations: Reinforced concrete, 200 mm depth, C30, 350 kg/m?,
power floated finish. Consequently, this needs to be linked and integrated to the same item/materials
in the 3D ArchiCAD model with the schedule and cost data (Figure 11).

Government Housing Gantt view / Master schedule Eco Dwelling Concept
Manager: wversion 29/3/2014 15:44 Planner:
N 2018
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Project start

Figure 11. Gantt chart of the project schedule.

5.2.2. Time Management/Schedule

The flow-line schedule (Figure 12) helps to illustrate the group activity on the worksite.
The X-axis represents the schedule, while the Y-axis represents the location of activities on the
worksite. The colored lines represent each activity group, and the slope of the lines indicates their
productivity rate.
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5.2.3. Clash Detection

Clash detection and data integrity are very important features for project quality and quantity
(Figure 13). Instant identification and resolution of any discrepancy can be achieved with automated
clash analysis technology with 3D BIM Models. The use of these technologies makes it possible to
speed up on-site work, improve building quality and track the accuracy of the bill of quantities. The use
of automated clash analysis technology, as well as 3D Modelling, minimizes the waste of materials
and reduces the number of time delays and changes that can be encountered before, and during,
the construction stages.

Project Name Eco Dwelling Concept

CR-DO1 Date Reported 31/08/2014

Clash between Concrete Beam and Structural Concrete Column. (Modeling issue maybe?)
Status New Location Second Foor
Sewverity Medium Grid N
Trade Involved STR-STR Element Type ColumnyBeam
Owner Structural Designer

Comment:

Figure 13. Illustration of the clash between column and beam.

The current 3D BIM is based on traditional geometry-based 3D CAD, object-oriented CAD, and
parametric building modeling technologies. It provides intelligent project information (incorporating
non-graphic information such as material descriptions and specifications, cost and schedule
information, and construction methods) about building components; it is also capable of coordinating
related elements when a variable (drawing parameter or building design information parameter
including the structural load, component attribute, thermal property, weight, etc.) is changed.

5.2.4. Estimating the Cost of the Proposed Mid-Terrace House in Comparison with a Flat House

Table 3 illustrates that a mid-terraced house cost is fairly higher than a flat but the land area is
lesser than a flat. However, total built area is greater. Both communities and government are interested
in these types of houses.

Table 3. Comparison of Mid-Terrace and Flat houses in Fiscal Perspectives.

T £ Housin Cost in Thousands Area of Land Main Utilities Parking &
ype ot Housing Including Cost of Land £ * eaotla Water Tank, Sewage External Entrance
Flat 130,000 Shared 243 M? Shared Shared
Independent land
Mid-Terrace 137,400 200 M?—Total built Independent Independent
areas 312 M2

*£1=SARS.
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6. Comparison between the Traditional and 5D BIM Methods Results

To compare between traditional and modern methods, the traditional methods use simple tools
and software, such as Excel, to calculate unit prices and historical data for projects. Cutting-edge
software methods consist of different techniques that are implemented in this study. The initial
cost-estimation for construction was estimated by the Ministry of Housing as being in the range of
SAR 440,000 (£88,000), plus the cost of land for a detached house and SAR was 650,000 (£130,000) for a
flat house with a total area of 243 square meters (M?). This was compared with the proposed design of
a Mid-Terrace house in this paper. The lowest value was SAR 440,000 (£88,000) for a detached house
and SAR 400,000 (£80,000) for a flat house. However, the cost estimation of this construction project
with a total area of 312 M2, using 5D BIM, was SAR 387,314 (£77,463) plus SAR 299,685 (£59,937) as a
cost of land to be a total of SAR 685,000 (£137,400). The 5D BIM estimate represents 88% of the lowest
cost of a detached house. Even so, it represents 114% of the lowest cost and 102% of the initial cost
estimation of the flat cost with less area. As a result, the 5D BIM estimation provides a more accurate
bill of quantities than the traditional method, thus leading to more precise cost estimates

7. Conclusions

Saudi Arabia’s lodging target is under a great risk. As per the accordance by the kingdom to
import adequate building materials, there is as of now an ascent in the business wages. The kingdom
needs to develop 500,000 properties for low-pay occupants to help encourage housing security and
meet the typical population increase. Hence, 5 pilot surveys were conducted to know the public’s
opinion on the housing styles across the KSA, in particular in major cities. The analysis revealed
that; most of the people like to live in independent houses or mid-terraced houses rather than flats.
This survey supported this study to further the consideration of 5D BIM. However, an onslaught
demand for building materials had increased expenses by 20%. To reduce the costs, land area and
time, a 5D BIM with LMC was created and developed for flat vs. mid-terraced houses in KSA,
which fulfilled the needs of average families. This 5D BIM significantly reduces the construction costs
by saving material waste and construction project time by clash detection, gaining accurate planning
and scheduling. Unquestionably, this model will be useful to the contractors, BIM managers, architects
and government.
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