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Abstract

Cost estimates are prepared to different ends throughout the project lifecycle. Up front, the goal is to
provide input for investment decisions. The cost estimate is used to determine the size of the required
investment to create or modify assets and the elements of the building during the maintenance phase
[1]. The Paper examines The implementation of BIM 360 as a common data platform for construction
workflows in cost estimation by connecting all the stakeholders and provide the ability to collaborate
all stakeholders in a single platform which is containing information model proceeds throughout the
life cycle of the construction work and ideally it contains all the information , issues, associated with
elements in the model composition ,measuring and dividing the building into elements associated with
its information were required to address the problems associated with the measurement of building
construction works and future maintenance works using New Rules Of measurements 3, at
maintenance stage depending on elemental method of a building project and estimate the costs
accurately.
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Introduction

Building maintenance is considered as a major activity in the construction industry because it is
essential whether the buildings are large or small, simple or complex, located in urban or suburb. They
must be well maintained to ensure their functionality and services during their life cycle. Traditionally,
maintenance is defined as work on existing buildings undertaken to keep, restore or improve every part
of a building, its services and surround to its original level and not to fall below the minimum acceptable
level (British Standard 3811, 1993) [2]. Over the past, stakeholders of building asset have required the
outcomes of building maintenance to meet certain criteria including re-instating physical condition to
a specified standard; preventing further deterioration or failure; restoring correct operation within
specified parameters; replacing components at the end of their useful/economic life with modern
engineering equivalents; making temporary repairs for immediate health, safety and security reasons;
and mitigation of the consequences of a natural disaster and assessing buildings for maintenance
requirements (Queensland Government 2, 2017),[3]. Maintainability is an inherent characteristic of
system design and installation with major maintenance implications as follows (Dell’lsola and Krik,
2003) [4].

e Selection of light fixtures, floor covering materials and interior elements.

e Plan for and implement a maintenance program.

e Perform most or all maintenance with full-time staff, or to contract for the services.
The quality of maintenance activities is significantly influenced by the amount of budget allocated. A
common challenge is recognized in allocating maintenance budget with the argument during the
process of formulating the maintenance funding (Lee and Scott, 2008) [5]. It is evidence that the cost
of all maintenance works annually will exceed yearly budget and then the decision makers have to
decide which tasks should take priority this year to maintain the building within the funds available and
what could be delayed to the following year (NWS Heritage Office, 2004) [6]. Therefore, a proper
maintenance cost plan would enable building owners to get optimal of maintenance outcome.
Building Information Modeling (BIM) is an emerging technology throughout the world in the
Architecture, Engineering, and Construction (AEC) industries. BIM technology provides users with
accurate and consistent building/project data and information, accommodating the functions needed
to model the building and provides a virtual view of it. Building information models are increasingly
used, for several purposes by the diverse stakeholders during the different phases of the project and
building lifecycle. BIM revolutionize the AEC industry, being not only a change between CAD and
parametric modeling with 3D capabilities, but a change of workflows, methodologies, process, and
relations. Basically, it changes the way business is done throughout the industry. Although all of these
changes may seem too much to be easily accepted by the industry, the benefits are much greater,
making BIM the future for the industry [7]. Emerging Building Information Modelling (BIM) is one of
the leading technologies being used in different construction applications such as energy simulation,
sustainability, facilities management, risk management and cost estimation [8]. Estimate costs are the
process of developing an approximate monetary resource (budget) needed in order to complete the
project activities. It is necessary to determine the amount of cost that is required to complete the
work. Aside from determining the cost, it is also necessary to allow the project manager to weigh the
benefits against the cost to find out if the project is sensible or not. It also allows the project manager
to determine if there are other necessary funds to support the project. Lastly, it serves as a guideline
to ensure that you have enough funds to complete the project.
New Rules Of Measurements 3 which provides a structured basis for measuring cyclical repairs and
replacements and annualised maintenance of building components and calculate the cost of
dilapidated elements of buildings [9]. This volume provides a structured basis for measurement of
building maintenance works, encompassing the annualized maintenance and life cycle major repairs
and replacements of constructed assets and building components — which are carried out post
construction procurement and throughout the in use phases of the constructed assets, or built
environment. The prime function of these rules is to provide consistent rules for the quantification and
measurement of building maintenance work items — for the purposes of producing order of cost
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estimates, elemental cost plans and detailed asset specific work, throughout the entire building life
cycle , The process of economic evaluation of the whole life cycle costing (WLCC) of all construction,
operation and maintenance related costs during ownership is what is commonly referred to as life cycle
costing. It provides a method foOr quantity surveyors/cost managers to assist building owners and
project teams in selecting the optimum solution for their circumstances and helps inform the decision-
making process at various stages during the feasibility, design development and procurement and the
in-use phases of a building or facility using BIM 360as a large single platform which has the ability to
collaborate all stakeholders «<which improve decision-making throughout the constrcuction project life
cycle BIM 360 Build which combines mobile technologies at the point of construction and maintenance
with cloud-based collaboration and reporting which improves the quality and profitability for
construction and capital project [9]for making a dilapidation servey for all issues in the financial,
district of KingAbdullah in a single repository using the mobile technology integrated with BIM 360
BUILD depending on.

Literature review

Maintenance Work Types

Maintenance can be categorized according to answer questions why and when it happens. Figure 1
below present a summary of categorization of maintenance work classification which enables
organizations to provide consistent services to customers’ satisfaction. There are two common terms
of maintenance types: planned/preventive maintenance and corrective/unplanned maintenance with
other categories as shown in Figure 1. Commonly, planned/preventive maintenance aims to prevent
major breakdowns to ensure a building continues at peak efficiency through regular inspection and
repair (Madureira et al., 2017) [10]. Preventive maintenance is planned, based on cyclic maintenance
actions such as cleaning, local repair and local replacement/treatment to prevent deterioration in
advance (Ruparathna, Hewage and Sadiq, 2018; Queensland Government 2, 2017; EU Standard, 2009)
[11]. Statutory maintenance, time-based, condition-based, predictive, reliability-centred
maintenances are sub-categories of planned/preventive maintenance (Queensland Government 2,
2017; Ruparathna et al., 2018; Wang et al., 2014) [12].

Although well-planned, maintenance work must always be ready to respond to unexpected
breakdown. Corrective/unplanned maintenance consists of repair and replacement elements due to
the failure of preventive maintenance or natural wear and tear that sometimes is called reactive
maintenance (Ruparathna et al., 2018; Queensland Government 2, 2017; EU Standard, 2009; Muyingo,
2009) [13]. There will be preventive and corrective maintenance work in any maintenance strategies.
The planner should ensure that there is no conflict or duplication between reactive actions and
planned operation. The proposed planning of maintenance activity should base on the estimated
service life of building properties, cost rationalization and users’ satisfaction.

Maintenance

Planned maintenance Unplanned maintenance

Preventive Corrective maintenance Corrective maintenance
maintenance (Including emergency) (Including emergency)

Scheduled Condition-based
Maintenance Maintenance

Figure 1: Types of maintenance (Chanter and Swallow, 2007)
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The preventive maintenance is justifiable for health, safety and environmentally significant
components/items for both items whose condition can or cannot be monitored. The corrective
maintenance is appropriate for non-significant components/items and other items which the cost of
applying time-based preventive maintenance is less than the cost of applying corrective maintenance
(Horner, EIHaram and Munns, 1997) [14]. Based on the advantages and disadvantages of the above
maintenance types, Table 1 categorises the maintenance hierarchy for building components/systems.
Source: Ruparathna et al., (2018).

Table 1: Maintenance hierarchy for building components

) Type of maintenance Type of equipment
Corrective maintenance  Small parts and equipment.
Noncritical equipment/item.
Equipment unlikely to fail.

Utility significant items whose condition cannot be
monitored

Preventive maintenance ~ Equipment with known failure pattern.
Recommended by the manufacturer.
Consumable equipment.

Equipment with subjected to wear

The overall maintenance plan must provide information to allocate and prioritize sufficient resource
and funds for the maintenance operations. The annual list of required maintenance with an estimated
cost in the five-year programme usually follows. Alternatively, the repairs will be carried out in order
of priority. Therefore, some maintenance will be deferred since the resource is limited. It should be
noted that the buildings will require a certain of level of maintenance whatever the current economic
situation.

Maintenance Cost Planning and Estimating

Maintenance cost includes all costs of keeping the building up to an acceptable standard. It relates to
the direct cost of maintenance such as spares, labours, equipment and tools as well as indirect costs
such as administration, management and the inevitable overhead costs (El-Haram and Horner,
2002)[15]. When the demands of maintenance are identified, cost of the maintenance should be a
prior estimate to measure resource availability and how much work should be scheduled in each
period. Although cost estimates for building maintenance are normally prepared over the period to
predict the likely cost of such works over the life of the buildings, they can be considered in a single
annual maintenance programme. The main purposes of a cost plan for building maintenance are
defined as listed below (RICS, 2015). - Determine the target cost limit for maintaining programme
works. - Inform setting the annualised maintenance budgets and available funding constraint. - Provide
cost information to assist decision makers to make informed decisions. - Inform what asset investment
are funded or not funded and then revise life cycle cost plan. - Ensure the employer is provided with
best value for money from maintenance spent. Like any program or plan, maintenance budgets will be
subjected to change and adjustment and it must be based on forecasting or predicting aiming to best
utilise fixed maintenance resource to meet the fluctuating maintenance workload (Al-Fares and
Duffuaa, 2009) [16]. Total maintenance cost is the sum of the cost of preventive maintenance and
corrective maintenance as shown in Figure 2. Having a proper preventive maintenance strategy can
reduce corrective maintenance cost, leading to reach optimal maintenance zone. The optimal zone is
where the two costs are balanced. Once funds are approved for the maintenance budget, efficient use
of this money requires wise internal allocation of the funding at the operational level or locating this
optimal zone.
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Optimal
| maintenance |
: :
zone

Total cost of maintenance

Cost

Cost of preventive maintenance

Excessive
preventive
maintenance

‘ ]
Insufficient !
preventive |
maintenance

: Cost of corrective maintenance

| '
i i

Amount of maintenance activity

Figure 2: Total of maintenance cost (Douglas, 2017)

Douglas (2017) also summarised five stages in the optimisation process, that should be embedded in
the design phase but will offer benefits to any state of a building lifecycle: (1) identify critical
functions/elements/areas; (2) understand the failure models and effects; (3) evaluate existing
maintenance; (4) apply predict maintenance technique; and (5) recommend changes to maintenance
strategy according to findings of best practice. Cost planning and estimating of maintenance work
require detailed information such as maintenance requirements or the employer’s brief for
maintenance work throughout the life of the building over the short, medium and long-term. Some
agreements remain as maintenance works can be challenging to cost accurately due to lack of reliable
information required as listed below:

Type of buildings/asset/facility and the functional usage.

Occupancy details: tenure detail, hours of operations, usage of space.

A statement of building/asset/facility (age of the building, last major refurbishment, etc.).
Location and building description.

Aims of the maintenance programme, maintenance strategy. A limited number of the building
components such as roofs, paintwork, woodwork and building services play a large part in
maintenance cost (Straub, 2003), [17]. Therefore, identifying significant factors affecting the
maintenance cost and the relationship between the factors such as building characteristics,
tenant factors, maintenance factors, political factors might help to control the factors to
optimise the maintenance cost. While planned maintenance works have different technical
specifications resulting in differences in requirements for maintenance resource, leading to
different approaches to calculating the costs for specific scheduled maintenance work
(Mirghani, 2009) [18], the unplanned maintenance costs usually are budget based on historical
data showing by percentage of actual breakdown cost and total cost of maintenance.

Figure 3: Saudi Arabia’s King Abdullah Financial District
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Research Methodology

Bryman and Cramer (2011) propose that a mixed method approach can provide a more insightful, yet
informative investigation for the phenomenon being investigated. Within a mixed method, approach
data can be collected within a short period of time. Furthermore, Saunders et al (2007) points out that
qualitative approaches are best suited to analyze content that is non-numerical in nature. For this study,
data was attained by new strategy which realize one of important characteristics of BIM which is
common data environment (CDE) through BIM 360 depending on new rules of measurements (NRM 3)

In the project KINGABDULLAH FINANCIAL DISTRICT (KAFD), which is a smart city development worth
$11.6bn,construction near King Fahad Road in the Al Ageel area of Riyadh, being undertaken by the
Riyadh Investment Corporation on behalf of the Pension Authority of the Kingdom of Saudi Arabia,
consisting of 59 towers in an area of 1.6 million square meters. It will provide more than 3 million
square meters of space for various uses, 62,000 parking spaces and accommodation for 12,000
residents, [19], the client required cost estimation for the maintenance work accurately and rapidly,
Therefore, the new strategy moved towards a platform collaborate between all stakeholders and collect
all the data in one repository which was BIM 360 depending on a reference which provide the structure
method of the Templates which will contain all the data for cost estimation of collecting data which
was new rules of measurements 3 (NRM 3) from RICS.

(1) — Using the elemental structure of new rules of measurements 3 (NRM 3)
(2) — Using BIM 360 as a common data environment ( CDE)

e Stage 1 - Using the elemental structure of new rules of measurements 3 (NRM 3)

New Rules of Measurements 3 — RICS (NRM 3) provides essential guidance on the quantification and
description of maintenance works for the purpose of preparing initial order of cost estimates during
the preparation stages of a building project, elemental cost plans during the design development stages
(pre-construction) and detailed asset-specific cost plan (post-construction) and throughout the in use
phases of a building project or facility.

In this step, the elemental method are dividing the building to

e Level 1-elements
e Level 2 —sub elements
e Level 3—components

&

Buil asset Groupcd
(level 0) nts (1)

P Renewal work | (Renewal work | (Cost planning |( Cost planning
function unit cost estimates || cost estimates (various) (various)
(m*/pa) (m*/pa) Detailed Detailed

measurement measurement

]( Element (2) s b-elemen x(]) ccmpo“m

m‘lpa or Maintain work Cost planning Cost planning Cost planning
cost estimates (various) (various)
[ (m/pa) fpas) Detailed Detailed

measurement || measurement

As agreed in Relevant Relevant Relevant Relevant
scope (e.g. end
of interest) considerations considerations considerations considerations

][w =]

Other
aspects

[

Figure 4: Elemental Method of Cost Estimation

23


https://en.m.wikipedia.org/wiki/Riyadh
https://en.m.wikipedia.org/wiki/Kingdom_of_Saudi_Arabia

Business & IT 02/2019

: SRouP GROUP ELEM| ELEMENT ’nf':" SUB-ELEMENT ELEMENT UNIT
3 1| substructurs 11 | substructure 111 1.1.1 Standard foundations m

4 1 substructure k8 Substructure 112 1.1.2 Specialist faundation systems. Item / m
s 1 substructure. 11 Substructure 113 1.1.3 Lowest floor construction neim
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7 2 Superstructure 21 Frame. 210 211 Steel frames. item
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19 2| superstructure 23 | Boof 234 2.3.4 Reof drainage miar
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2 2| Superstructure 24| Stairs and ramps 241 241 Stalrjram structures ne/item
2 2 Superstructure 22 Stairs and ramps. 242 2.0.2 Stairjramp finishes. nefitem
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25 2 Superstructure 24 Stairs and ramps 244 2.4.4 Laddar/chutes/slides. o

= 2| Superstructure 25 | Extemalwalls 251 251 Extemal anclosing walls e
2 2| superstructure 25 | Extemalwalls 252 25.2 Extemal enclosing walls below ground level e

Dilapication Formst | NRM 3 SUBELEMENTS | valus Tables Part 1 | vabae Tabies Part 2

Figure 5: Elements & Sub-Elements with Units

In this step, the building is divided to elements and sub element with its units as shown in Figure (5)
for calculating the total estimated cost of both capital building and maintenance works, If suitable
information is available, then elemental unit quantities (EUQ) are measured for an element in
accordance with the rules and priced with suitable elemental unit rates (EUR) to ascertain the cost
target for an element. Where insufficient information is available for a particular element, the EUQ for
the element is based on the GIFA. The equation for calculating the cost target for an element is
therefore [20],

Where:
c=axb

elemental unit quantities

Q
1]

o
1

elemental unit rates (EUR) c = cost target (for element)

e Stage 2 - Using BIM 360 as a common data environment (CDE)

PRE-CONSTRUCTION

ANALYTICS £ INSIGHT

PROJECT DATA

Figure 6: BIM 360 platform
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BIM 360 is a unified platform connecting your
project teams and data in real-time, from design
through construction, supporting informed
decision-making and leading to more predictable
and profitable outcomes. [21],

BIM 360 BUILD is a construction management
software which achieve:-

e Improve construction quality control
and safety programs

e Create, assign, and manage issues, RFls,
and submittals

e Track Field Performaance
with dashboards and reports

Issue Template

ue Type & Sub - TypeT

Dilapidation ID

[

Date & Time

U

Drawing Reference

|

Cluster — Parcel — Building — Level -
Room/Section

;

Component

Component description

I

Issue Title

U

Root Cause

Quantity Total / missing /
efecte

Units

Remedial Actions

1

Figure 7: Hierarchy of Issue Template in BIM 360 Build

Issue Type
& Sub Type

Location
Hierarchy

Figure 8: Stages of Issue Template in BIM 360 Build

And the Issue Template in BIM 360 is divided to 3 levels:

< Level 1—Issue Type
% Level 2 —Issue Sub — Type
+* Level 3 — Custom Attributes

as shown in Figure 5.

Remedial Description

|
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ted | KungAbdullah Financial Distrct (KAFD) -

\UTODESK BIM 360° | Saud) Arabia

i Project Admin

SERVICES

Figure 9: Issue Types & Sub-types in BIM 360 BUILD

Active/Inactive

i
Status set
teld status set
e s . Custom issue attributes

Attr. title Type Values Is required?

Dilapidaticn 1L Numeric - (]

Quantity (Tata Numeric O

Ttem Dropdow (]

R al D T (]

Figure 10: Issue Custom Attributes in BIM 360 BUILD

AUTODESK BIM 360 | Saud Arabian Parsons imite

Figure 11: The Drawings in BIM 360 Docs
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# Field Management

status v Type sub-type

Figure 12: The List of Issues in BIM 360 Build

Finally The Report of all issues in the project was extracted as shown in Figure 13.

oo

T) SECURITY WARNING Autormat

. ® e o e
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2
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box

3
abdullah |habesb  [21052013 § 54(21/05720715 6 23| Parking Area

(6) madel sf B00A RSD /SFFECO JFHC
INSTALL EXCEPT FIRE EXTINGLISHER

4
abdullah [habesh  |2106/2013 § 541106720713 6 23| Parking Area

5
Gbdulla |nabesh  |Z115/2913 § 54| 71/05/20719 6.23| Parking Area

B Upright spenkers are instoled

{100 psc /10mm, 12mm) threaded rod support

for fie pipe.
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L N P L ]
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= = £
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= 110-2
106004
D1 110-2
106004
[=] 1110-2
105004
= 1110.2
106004
D1 1102
106004
L

Figure 13: The Final Report Extracted from BIM 360

Conclusions

The literature review reveals that maintenance decisions made have a significant implication on

maintenance cost, and estimating the cost is needing accurate data ,so, the best way for collecting all

data in one repository and collaborate between al the stakeholders on the site by BIM 360 BUILD for

assuring that all data are corrected and not repeated for extracting them in the report that is presented

to the client depending on NRM 3, after that, following up and resolving all these issues by using BIM

360 BUILD.
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