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ASSESSMENT OF BUILDING INFORMATION MODELING IMPACT ON
SMALL SCALE CONSTRUCTION PROJECTS

ABSTRACT

While time passes and life changes, the development of technology is taking place in
every part of our life quickly, also it affects daily life. it creates new tools,
procedures, and methods for all sectors, and simplifies many operations. Nowadays,
design tools that depend on computers have been used in the construction industry, it
has a direct effect on the whole project life, and it has made a revolution in the
construction sector. Building information modeling (BIM) simply refers to the
development of a building model generated by using the computer, that model is rich
of data, object-oriented, smart and also a parametric digital representation of the
building.

This research discusses the assessment of BIM impact for the small scale
construction industry, it mainly focuses on quantity takeoff and accuracy of projects,
firstly it presents the definition and the main concept of BIM. Then, a case study of a
3-storey building project in Baghdad is done to evaluate the effect of BIM quantity
takeoff, tendering, and other effects on the project, Autodesk Revit 2020 software
has been used to create the model of the building. The results showed that BIM can
provide easy, detailed and sufficient drawings and the quantities and prices were
extracted and compared with the quantities and prices that have been calculated with
traditional ways, Revit calculation have reduced the total estimated cost by 4%
compared to the total tender estimated cost, 6% for finishing estimated cost, and
nearly no change in structure price.

Keywords: Building information modeling, Cost Management, quantity takeoff.
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KUCUK OLCEKLI INSAAT PROJELERINDE YAPI BILGI
MODELLEMESi ETKIiLERININ DEGERLENDIRILMESI

OZET

Zaman gectikge ve hayat degisirken teknolojinin gelisimi hayatimizin her alaninda
hizla yer almakta, gilinlilk hayati da etkilemektedir. tiim sektdrler i¢in yeni araglar,
prosediirler ve yontemler olusturur ve bir¢ok islemi basitlestirir. Giiniimiizde insaat
sektoriinde bilgisayara bagli tasarim araglar1 kullanilmaya baslanmis, tiim proje
omriine dogrudan etki etmis ve insaat sektoriinde bir devrim yapmistir. Yapi bilgi
modellemesi (YBM), basit¢e bilgisayar kullanilarak olusturulan bir bina modelinin
gelistirilmesini ifade eder, bu model veri agisindan zengin, nesne yonelimli, akilli ve
ayrica binanin parametrik dijital bir temsilidir.

Bu Arastirma, kiiclik Olgekli ingaat sektorii icin YBM etkisinin degerlendirilmesini
tartismakta, esas olarak projelerin miktar ve dogruluguna odaklanmakta, oncelikle
BIM'in tanimin1 ve ana kavramini sunmaktadir. Daha sonra, YBM metraj, ihale ve
diger etkilerin proje lizerindeki etkisini degerlendirmek i¢in Bagdat'ta 3 katli bir bina
projesinin Ornek olay incelemesi yapilmis, binanin modelini olusturmak igin
Autodesk Revit 2020 yazilimi kullanilmistir. Sonuglar, YBM'in kolay, detayli ve
yeterli ¢izimler saglayabildigini goOstermis ve miktarlar ve fiyatlar ¢ikarilarak
geleneksel yontemlerle hesaplanan miktar ve fiyatlar ile karsilastirildiginda, Revit
hesaplamasi toplam tahmini maliyeti toplam maliyete gore %4 oraninda azaltmistir.
ihale tahmini maliyeti, bitirme tahmini maliyeti i¢in %6 ve yapi fiyatinda neredeyse
hi¢ degisiklik yok.

Anahtar Kelimeler: Yap: bilgi modellemesi, Maliyet Yonetimi, Metraj alimi
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1. INTRODUCTION

1.1 Introduction

while time passes and life changes, the development of technology is taking place in
every part of our life quickly, also it effects daily life. it creates new tools,
procedures, and methods for all sectors, and simplifies many operations.
exceptionally, computers play the main role in every sector, in every level. In the
past, Computers which were used for finding solutions for different problems
(general and limited), nowadays are used to do more hard and complicated tasks,
producing and analyzing different types of data. Today, design tools that depends on
computers have been used in construction industry, it has a direct effect on the whole

project life, and it have made a revolution in the construction sector.

Building information modeling (BIM) simply refers to the development of a building
model generated by using the computer, that model is rich of data, object-oriented,
smart and also a parametric digital representation of the building, which provides
views, plans, and data convenient for different needs of users, it can be obtained
easily and analyzed to get information that can help with making decisions and

improving the operation of delivering the project (AGC, 2005).

One of the main differences between BIM 3D and 2D CAD is that 2D CAD
represents the project by separated and independent drafts, such as plans, elevations
and sections. When it is required to edit one of those drafts, all other drafts in the
project must be checked to see the effect of editing on them, that process usually
causes many faults and interactions between drafts, and quantities must be also
checked. In addition, in 2D drafts, data are graphical elements only, such as lines,
rectangles, arcs and circles, while in 3D BIM models, objects are smart elements and

defined as walls, beams, columns, and slabs (CRC Construction Innovation, 2007).



1.2 Problem Statement

Stakeholders are seeking to achieve mainly 3 goals in every project they want to
publish, these goals are low cost, short time, and high quality. Most of the errors that
occurs during the construction period are due to interferes in the drawings, for
example the interferes between architectural and structural drawings, or miss-
understanding of those drawings. That may cause change orders during construction
period, and hence it will cause increasing in the expected time and the cost of the
project, some of those errors can be totally corrected, but other errors will leave some
bad impress in the construction and cannot solved 100%, and of course that will be
considered as a reduction in quality. In addition, some stakeholders still have
problems in quantity surveying, when it is calculated less than the actual quantity it
will cause increasing of the estimated cost of the project, traditional methods for

calculation are not accurate, also it takes several days for preparing it.

BIM creates a model for the whole project, which will reduce the errors, all interferes
can be corrected during design phase and that will save time and cost also it may
keep the quality up. For QS BIM can generate quantity schedules automatically
without using other programs, also it is supposed to be more accurate than traditional
methods.

1.3 Objective and Aim of Research

The main purpose of this research is to evaluate the impact of implementation BIM
technology on small scale projects, trying to solve drawings interferes and missing
drawings problems. The research will mainly focus on QS and cost management of
the project. A case study will be applied for an existing 3 story building, it will be
Re-designed by a BIM software (Autodesk Revit 2020), the quantities will be re
calculated and the results will be discussed. This thesis aims to redirect the attention

and increase the awareness of companies that deals with small projects.



1.4 Organization of Thesis

this research contains Five chapters, it is organized as the following:

chapter one “introduction” it contains an introduction of the research, it explains the
statement of the problem, objective and aim of research, and finally research

organization (structure of research).

Chapter two “literature review” this chapter shows the literature part of the thesis, it
contains a background about BIM, definition of BIM, historical development, the

softwares used, adoption and application of BIM.

Chapter three “case study” this chapter includes introduction describes the case
study, reasons and barriers behind choosing the case study, and creating the 3 — D

model of the building using Autodesk Revit software.

Chapter four “Results and discussion” this chapter deals with extracting drawings,
preparing bills of quantities from Autodesk Revit software, comparing schedules,
and discussion of the results.

Chapter five “conclusion” this chapter introduces the conclusions of the thesis, future

studies will also be discussed.



2. LITERATURE REVIEW

2.1 Building Information Modeling (BIM)

The emerging of building information modelling (BIM) gives opportunities to
penetrate the limitations of traditional buildings like weary modeling, model
conflicts, and high cost implementation, and supports BIM into the process of digital
building design.

Building information modeling methodology is one of the most current in building &
construction sector. It is a merged system which contains everything relative to the
project and place it in one template. It is appreciated as a main data base which
provides all project parts and it has project documents, whether they were plans,
quantity schedules, or time tables for the applying of project work. It provides users
with accurate, coordinated and available information during the project phases and
collects the necessary functions to complete the building through an electronic virtual
model that simulates reality. These systems have become widely used by the parties
to the project during its life cycle, such as owners, designers, contractors and project

managers

For allowing the thesis to achieve it’s objective, BIM concept must be prehended
very well. Therefore, deep research on BIM should be provided in this part of the

thesis.

2.2 Definition of BIM

The Associated General Contractors of America (AGC) defined BIM as the
following: “Building Information Modelling (BIM) is the development and use of a
computer software model to simulate the construction and operation of a facility”.
The resulted model which is a building information model, is rich of data, intelligent,
object-oriented and provides a parametric digital representation of the project, which
provides data that is convenient to different users’ needs. BIM technology can also
be used to obtain and analyze information to enhance decision making and the



process of delivering the facility. USA National Building Information Model
Standard Project Committee (NBIM) provides the following definition: " Building
Information Modeling (BIM) is a digital representative of the physical and functional
properties of a plant. BIM is a common information source which creates a reliable
basic for the decisions being taken for a plant during its lifecycle; is valid starting
from the decision for the construction until the end of the demolition (NBIMS,
2016)".

2.3 Historical Development of BIM

During the past decades, construction sector increased the interest in using two-
dimensional building information models (2D-BIM), because it has many benefits
during design phase, planning phase and during the construction of new buildings.
The development of 3D modeling began in the 1970s, related with the early
computer-based design (CAD) which covered several industries. At the time that
many industries provided integrated analysis tools and object-based parametric
modeling (which is being the basic concept of BIM), construction sector took a lot of
time to the conventional 2D design. BIM modeling was implemented in empiricist
projects in the early 2000s. In order to enhance building design of engineers and
architects. The major research trends focused on enhancement of design, planning,
interference detection, 3-D visualization, bills of quantities, cost and data
management. After a while, specialized tools of design for architecture and
engineering major joined the basic implementation, such as structural analysis,
energy analysis, scheduling and progress tracking. The use of BIM focuses on pre-
planning, design, construction and integrated project delivery of buildings and other
facilities, however lately, researches focus expands from the stage of earlier life
cycle (LC) stages to maintenance, deconstruction, refurbishment, and end-of-life

concepts especially in complex structures.

2.4 How BIM Used

According to some recent surveys, building information modelling BIM is adequate

for big scale and complex buildings and used by the respondents those surveys in

residential, commercial, , educational, healthcare and many other building types.

Because of that less than 10% of the respondents are owners, facility managers, or
5



deconstructors, these trends do not necessarily represent the current use of BIM in
existing buildings. Despite the fact that BIM application needs deep process changes
of the implicated parties, in new construction projects of both private and
institutional owners, the benefits are diversified and often being satisfied the
involved stakeholders. Major benefits consist in design consistency and visualization,
cost estimations, clash detection, implementation of lean construction or improved
stakeholder collaboration. Major challenges in new buildings refer to change from
design bid- build processes to integrated project delivery (IPD) and to the increased
time effort and knowledge required for BIM use. However, BIM application in
existing buildings stand up for other qualifications and challenges. Prospective
advantages of using BIM in FM tend to be very worthy e.g., as valuable ‘as-built’
(heritage) documentation, maintenance of warranty and service information quality
control, assessment and monitoring, energy and space management, emergency
management, or retrofit planning. Decontamination or deconstruction processes
could also benefit from structured up-to-date building information to reduce errors
and financial risk, e.g., through deconstruction scheduling and sequencing, cost
calculation, rubble management, optimization of deconstruction progress tracking or
data management. many types of information are important to manage a facility or to

proceed retrofit measures in buildings.

2.5 Programs Used BIM Technology

There are many Building Information Tools available in the software market. Some
of the BIM tools are listed in the table below. In Table 2.1 Mechanical, Electrical,
Plumbing, Structural, Architectural and Site Work 3D modeling software programs

are listed



Table 2.1: BIM Tools

Product Name Manufacturer Primary Function
Cadpipe HVAC AEC Design 3D HVAC Modeling
group

Revit Architecture Autodesk 3D Architectural Modelling and
parametric design

AutoCAD Architecture Autodesk 3D Architectural Modelling and
parametric design

Revit structure Autodesk 3D structure Modelling and parametric
design

Revit MEP Autodesk 3D Detailed MEP Modelling

AutoCAD Civil 3D Autodesk Site Development

Cadpipe commercial pipe AEC Design Group | 3D pipe Modelling

Dprofiler Beck Technology 3D Conceptual modelling with real time cost

estimating

Bently BIM suite (Micro
station, Bently
Architecture, Structural,
Mechanical, Electrical,
Generetive Design)

Bently Systems

3D Architectural, Structural, Mechanical,
Electrical and Generative components
Modeling

Technologies

Fastrak CSC (UK) 3D Structural Modelling

SDS/2 Design Data 3D Detailed Structural Modelling
Fabrication for AutoCAD East Coast 3D Detailed MEP Modelling

MEP CAD/CAM

Digital Project Gehry CATIA based BIM system for Architectural,

Design, Engineering and Construction
Modelling

Digital Project MEP System | Gehry MEP Design

Routing Technologies

ArchiCAD Graphisoft 3D Architectural Modelling

MEP Modeler Graphisoft 3D MEP Modelling

hydraCAD Hydratec 3D Fire Sprinkler Design and Modelling
AutoSPRINK VR M.E.P. CAD 3D Fire Sprinkler Design and Modelling
FireCAD Mc4 Software Fire piping Network Design and Modelling
CAD-Duct Micro Application | 3D Detailed MEP Modelling
Vectorworks Designer Nemetschek 3D architectural Modelling

Duct Designer 3D, Pipe QuickPen 3D Detailed MEP Mdelling

Designer 3D Internation

RISA RISA Technologies | Full suite 2D and 3D structural design

Applications

Tekla structure Tekla 3D Detailed Structural Modelling

Affinity Trelligence 3D Model Applications for Early Concept
Design

Vico Office Vico Software 5D Modelling Which can be used to
generate cost and schedule data

Power Civil Bently systems Site Development

Site Design, Site Planning

Eagle Poing

Site Development

There are number of BIM software for scheduling, clash detection, coordination and

planning of the construction projects. Some of the BIM software's are listed in Table




2.2 and their use are brie y explained. There are also integration programs such as
Innovaya and Synchor. These integration programs are a bridge between the 3D
model of the project and the scheduling programs (MS Project, Primavera). In

addition, Vico is powerful BIM software which has tools for 5D modeling.

Table 2.2: BIM Construction Management Tools

Product Name Manufacture BIM Use

Navisworks Manage, Autodesk Clash Detection scheduling

Navisworks scheduling

Project wise Bently Clash Detection scheduling

Digital Project Designer | Gehry Technologies | Model Coordination

Visual Simulation Innovaya Scheduling

Solibri Model Checker | Solibri Spatial Coordination

Synchro Synchro Ltd. Planning & Scheduling

Tekla Structures Tekla Structure-centric Model Schedule
Driven Link

Vico Office Vico Software Coordinate Scheduling Estimation

2.6 The Most Used Programs in the Sector

A survey undertaked by Burcin and Samara, 2010, of 424 construction indicates that
different BIM tools have already been adopted in construction industry. Figure 2.1
states the market portion of different BIM tools which are used by those 424
constructions. Autodesk BIM tools are the most widely used BIM solutions in U.S
with 54% of those construction using them; Graphisoft Archi CADTM follows with
10.7% and Bentley BIM tools with 8%. Tekla and Vico BIM tools are utilized by
6.5% and 5.8% of the construction based on the survey. The other software tools
such as Innovaya TM, Dprofiler TM, Vectorworks TM, etc. are also being utilized by
a small portion of the construction. The software tools have been used in different
phases during the project lifecycle such as Preliminary Design and Feasibility Study,
Shop Drawing and Fabrication, Estimating, Scheduling, and File Sharing &
Collaboration. The purchase of the software package is different from regular
purchases, since the buyers need to consider the capabilities of each software tool in
the package. This section provides general information about BIM software packages

which are widely adopted by users.



Autodesk Revit Arch, Struct, MEP S—— 41.6%
Autodesk Navisworks [ 2 .4%
Graphisoft Archicad [N 10.7%
Bentley Arch. Struct, Mech, Elect — 8.0%
TEKLA N 6.5%
VICO EEl 5R%
Innovaya - 3.4%
Gehry Technologies Digital Project 8 3.1%
Solibr1 Model Checker 4- 2.6%
Beck Technology DProfiler M 1.5%
Dassault Systems CATIA . 1.4%
Synchro Project Constructor # 1.0%
Bentley Generative Components ¥ 1.0%
i 0.9%

Nemetschek Vectorworks

0.0% 10.0% 20.0% 30.0% 400% 50.0%

Figure 2.1: Ratios of Market Share of BIM Tools Which are used by Construction
Firms

2.7 Adoption of BIM In Construction Projects

There are different degrees of development and in some countries, it is mandatory
and BIM guidelines are available (Figure 2.2), whereas in others BIM is not
promoted. Over the past six to seven years many pilots and live projects have been
completed and documented in Finland, USA, Denmark, Singapore, and UK, which
demonstrated the capability of using BIM within the construction process facilitating
construction lifecycle. Many ongoing projects have been proven to develop more
environmentally sustainable products, compared to non-BIM based projects. The
present situation of Turkey, Australia, Canada, China, Denmark, Estonia, Finland,
Germany, Hong Kong, Iceland, India, Ireland, Italy, Netherlands, New Zealand,
Nigeria, Norway, Singapore, South Korea, Spain, Sweden, Taiwan, United Arab
Emirates, United Kingdom and USA is described below. Moreover, the limitations

and possibilities of BIM development in public contexts are discussed.
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Figure 2.2: Worldwide BIM Adoption Levels.

2.8 Benefits of Building Information Modeling (BIM)

e 3-D visualization: Architectural 3-D rendering can be easily made with BIM.

e Shop drawings generating: shop drawings can be quickly and easily generated

for different plans, sections and other parameters.

e Maintenance of buildings: BIM can be applied for renovation and

maintenance of buildings.

e Material and cost estimating: Materials and cost estimating can be done with
BIM softwares automatically and very quickly. In addition, when changing
any part of the model, materials extracted and changed immediately.

e Interference detection: It is one of the most useful features of BIM. To make
certain that no elements intersect with each other, all main systems and

elements can be visually checked for interference.

e Structural Analytical model: Since BIM-based model has intelligent objects,
it can be exported to other analytical softwares, for example, Autodesk Revit

has analytical model feature.

10



Reducing the time of project delivery: Stanford University center for
integrated facilities engineering (CIFE) indicates that BIM can reduce project

time up to 7%.

Team work-friendly: Some BIM softwares like Autodesk Revit have the
feature of “work set” which allows different users to have the access to the
same model and also edit it if they have been given the authority to. however,
every edit is recorded according to the user who has made it. This can help
architects, structural, mechanical, and electrical designers to work in one

platform, and that can save time and minimize the conflicts.

11



3. CASE STUDY

3.1 About case study

The case study which was selected is a 3-storey building located in south Baghdad, it
consists of small shops and residential flats.

The project can be summarized by the following: -

The total area of the land was (535m2) while actual construction area of the ground
floor was (476m2)

Ground floor includes 6 small shops and 3 residential flats.

The first floor includes 4 residential flats with balconies, with a total area of
(476m2).

The second floor is completely typical with the first floor.
The land is located in a corner of 2 streets (main street and branch street).

Third floor is a service floor includes a small store and a space with access to the
roof, the total area is (59m2).

The building has one entrance (for the flats) without elevator.
The construction system is a concrete column-girder-slab, with non-bearing walls.

The project was assigned to a local contracting company, the estimated cost was
679942000 1QD.

3.2 Reasons behind Choosing the Case Study

1. The project is belongs to the private sector and owned by individual person

(investor).

2. That type of buildings is very common and plenty of buildings have a similar

design and contracting concept in that Area.

12



3. Many documents are missing due to transferring from architect to the owner

and then to the contractor.

4. It contains small and narrow areas of rooms and facilities which are generally

consist of plenty of conflicts.

3.3 Barriers of the Case study

The project designs that were obtained from the contractor (which were sent by mail

in pdf. and dwg. Format) was not clear and a lot of documents are missing.

The other documents of the project (BOQ and the actual quantities) were given but it
covers only some parts of the project, some parts are left as a blank in the tables,

other information are not even mentioned.

The structural designs were missing, however only the diameters of bars, spacing and

grade of concrete was mentioned in the BOQ.

The project didn’t start yet, so the actual quantities of the building is not available,
also errors and conflicts are not available.

These barriers are common in a lot of projects, and therefore the need of another
solution is increasing, one of these solutions is the implementation of building

information modelling (BIM).

3.4 Creating the 3D Model of the Case Study Using Autodesk Revit Program

Data obtained from the contracting company were 2-D drawings created by
AutoCAD program, and Tender contains bills of quantities with some information.
however, the Drawings were very simple and lack for data required to deal with it,

also some necessary drawings are missing.

In this section, Data-rich building information model will be created according to
those drawings and information provided in the BOQ. Creation of model will start
with creating grids and axes, raft foundation, columns, slabs, stairs, steel rebars,

walls, doors, windows, and finishes.

13



3.4.1 User interface

The interface of Autodesk Revit program is very simple, easy and understandable for
all kind of users, it consists of many categories which appears just after opening new
or existing project, those categories are collected together to provide the users with
the needed tools to create the building information model, the user interface simply
consist of Application Menu, Quick access toolbar, Ribbon: tabs, Ribbon: Tools, info

center, option bar, project browser, properties, elevation tag, drawing window, status

bar, view control bar, and navigation bar.

1Application
Menu

2 Quick
access
toolbar

3 Ribbon:
tabs

4 Ribbon:
Tools

5 info center
6 option bar
7 project
browser

8 properties
9 elevation
tag

10 drawing
window

11 status bar
o] 12 view

RIS O BRI < hafe . control bar
i} o B (= 0 13

nwm-mmmmduum;m:f &
[5 [-]
o] [ 7

Figure 3.1: User Interface

navigation
bar

3.4.2 Creating axes and grids

After opening structural template, units have been fitted, 10 vertical, 6 horizontal
axes, and 7 levels has been created. Axes can be locked to avoid moving it by
mistake, also some categories like columns or walls can be linked to it, levels are

created according to top level of blinding, foundation, and floor slabs.

14
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Figure 3.2: Grids and Levels
3.4.3 Creating Raft foundation

A 12 cm concrete blinding was applied for the whole land area, also Raft foundation
with thickness of 60 cm was created within the building area, two layers
reinforcement was also placed with diameter of 16mm and spacing of 250 mm, both
layers, each direction. Reinforcement was created automatically with “Area
reinforcement” tool, only by simple steps, like determining the borders of

reinforcement area, number of layers, number of directions, hooks, bar diameters and

spacings.
Structural Area
Reinforcement -
Structural Area
Reinforcement 1 Q
mam
Structural Area Reinforc ~ Edit Type
Graphics A oA
View Visibility 5. Edit...
Sructurl a | L L |
Reinforcement ... 1410192.82 cm g
Layers L
Top Major Dire... B
Top Wiajor Bar .. 16M -
Top Major Hoo... Standard - S0 deg.
Top Majer Hoo... Down
Top Majer Spac... 230.0 mm
Top Major Nu... 82 _@
Top Minor Dire...
Top Minor Bar ... | 16M
Top Minor Hoo..,: Standard - 90 deg. o _@
Top Minor Hoo.... Down b
Top Minor 5pa... | 250.0 mm L
Top Minor Mu... {85
Bottom Major ... T _®
Bottom Major ... { 16M o
Bottorn Major ... : Standard - 90 deg.
Bottem Major .. Up
Bottem Major .. 1250.0 mm
Bottom Major ... (82 ]
Bottom Minor ... i
Bottom Minar ... 16M 5 _® EO
Bottom Minor ... Standard - 90 deg.
Bottom Minor ... | Up o
Bottorn Minor ... 1250.0 mm
Bottom Minor ... 185
Identity Data A |

Figure 3.3: Blinding and Reinforced Raft Foundation
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3.4.4 Creating columns

Total number of columns is 131 columns in this project was rectangular with
dimensions of (300*600). however, 2 columns were (300*300), ground floor consists
of 41 columns, first and second floor consist of 80 columns (40 for each floor), and

the last floor had 10 columns.

After placement of columns, steel reinforcement have been placed using special
extension “Naviate REX”, this extension allows users to create reinforcement for
different kinds of structural members by entering bar diameter, number of bars,
stirrups diameter and distribution and type of end-bending, also dowels length can be
determined. steel Reinforcement was placed with the same amount as mentioned in

BOQ that was given by the company.

tofc
%) paameters
= 1
........ ~
- o N
Al .
Hocks bot
B rd
4 mber of bar
3 cl
=
D| o
[ Barbundesin comers
r < = ¢
(T rErS—— B
(] Simp paramelers
Bar
Seerup e “
e : N IR
oo Sormg B i
” 5 = ' ’
& ) i
Simp datron
Distribution type:
= wmib
= w910 beam
] Withons rirkercement generation [0k 1| Comel || | 3Vt reinkrcement gencration 3 Cancel

Figure 3.4: Placement of Steel Rebars for Columns
3.4.5 Creating beams

Beams had been created by selecting structural concrete beams with dimensions of
(300*%600mm) for the main beams, inverted beams was (200*400mm) for balcony
parapets, also beams of the roof was (300*800mm) as a the top 200mm was
considered as a parapet. Fig (3.5) shows the structure of the building after placement

of beams.
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Figure 3.5: Structure of the Building after Placement of Beams

steel rebars was placed, with the use of “naviate REX”

After creating of beams,

extension which was mentioned before. Fig (3.6) shows the placement of steel rebars

for beams.
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Figure 3.6: Placement of Steel Rebars For Beams

3.4.6 Creating slabs

A 20 cm thickness concrete slabs were created for level 1,2,3 and 4, level 1,2 and 3

were typical slabs while level 4 was different slab area. Fig (3.7) shows the
17

building’s structure after creating slabs.



Figure 3.7: Building’s Structure After Creating Slabs

After that, steel reinforcement had been placed by using “structural area
reinforcement” tool, as mentioned in BOQ floor reinforcement details was: two
layers 12mm rebars with spacing of 200mm each direction. Fig (3.8) shows the

reinforcement of floors.

Structural Area
Reinforcement
Structural Area M
Reinforcement 1

Structural Area Reinforc ~ JF) Edit Type

Structural R oA

Reinforcement t ... 11050483.51 cm® |

Layers

Top Major Dire...

Top Major Bar T... 12M

Top Major Hoo... Standard - 90 deg

Top Major Hoo... Down

Top Major Spac... 200.0 mm

Top Major Nu.. 109

Top Minar Dire...

Top Minar Bar ... ‘12M

Top Minor Hoo... Standard - 90 deg.

Top Minor Hoo... Down

Top Minar Spac... 200.0 mm

Top Ninor Mu... 1113

Bottom Major ...

Bottom Major ... 12M

Bottom Major ... Standard - 80 deg.
Bottom Major .. Up

Eottom Major ... 200.0 mm
Bottom Major . 1108

Bottom Min
Bottom Minor ... 12M

Bottom Minor ... ‘Standard - 90 deg.
Bottom Minor ... Up

Bottom Minor ... 200.0 mm
Bottom Minor ... 1113

Identity Data

Image Piv

Figure 3.8: Reinforcement of Floors

one of the advantages to mention is that when floors created, Revit program have
recognized it as a structural member not just a shape, therefore the intersection
between slab and beams was taken into consideration, slab and beams was
automatically joined, so that the intersection volume will not be calculated twice in
any type of calculation like quantity schedules, this is one of the benefits of using
building information modeling.
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3.4.7 Creating stairs

As the building had 3 floors, it contains 3 stairs, the stair from level 0 to level 1 was
different in number of rises from the other 2 stairs because of the difference of height

between levels.

While creating stairs, railings was automatically placed to fit the stair, the profile of
railings can also be edited.

After creating stairs, steel reinforcement was placed using 12mm rebars with 120mm

spacing. Fig (3.9) shows the stairs connecting between floors.
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Figure 3.9: Stairs Connecting Between Floors
3.4.8 Creating walls

Walls with thickness of 25 and 12 cm was placed in the proper locations and
directions, while creating the core of the walls, finishing layers with different
materials and thicknesses was added to the wall cores so that it will simulate it and

take it into consideration wile extracting material takeoff schedules.

The height of ground floor’s walls was 3.85m in the places without beams and 3.45m
in the places located under the beams, while in the first and second floor (level 1 and
2) it was 3m up to the bottom of the roof and 2.6 up to the bottom of the beams. in
the last floor (level 3) it was 2.8 up to the bottom of the roof and 2.4 up to the bottom
of the beams. Fig (3.10) shows the building after creating walls, doors and windows.
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After creating walls, windows with different types were placed to the walls, each
type created separately and the values of width, height and sill height was entered,
after that by selecting the required type and click on the required place of the wall

from level 0,1,2 or 3 the window can be placed.

Doors were also placed in the same way of window placing, from architect/ door,
then select or create the type, the width and height is entered in each type,
(900x2200), (1000x2200), (1100x2700), and (2000x2700) mm.

Figure 3.10: The Building After Creating Walls, Doors and Windows
3.4.9 Creating finishes

Some finishes of the building were placed with walls as layers including plastering,
gypsum plastering, ceramic, paint, facade sweep, and facade marble. The rest
finishing materials were placed by placing material as paint to the required faces like
beams or columns so that in schedules it can calculate the paint area of that material.
Also, by using “Room & Area” features it gives the area and perimeter of each room
closed by 4 walls, the name of every room was given so that it can be used in
scheduling by sorting and filtering the rooms by name, it helps scheduling roof
gypsum plaster of rooms, paint, floor tiles, skirting, and roof isolation.

20



4. RESULTS AND DISCUSSIONS

After creating the model depending on the information and

4.1 Extracting Drawings

The drawings given by the company was lacking for information, also some
necessary drawings were missing. In this part, drawings like floor plans, elevation

views, and sections have been provided.

-(F) |

@ @ G W

Figure 4.1: Structural Drawing For Level 0 (Ground Floor)
Structural drawings for each level.

Structural drawings, which include floors, stairs, columns and beam’s locations, can
be extracted from Revit program easily by just selecting the required level and
editing the visibility and graphics from properties to filter drawing’s categories, also

from properties, the view range might need to be edited to view some required
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details. Figure (4.1), (4.2) and (4.3) shows the structural drawings for ground, first,
second, and third floor respectively.
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Figure 4.2: Structural Drawing For Level 1 and 2 (First and Second Floor)
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Figure 4.3: Structural Drawing For Level 3 (Third Floor)
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Side views of the structure are also important to understand the structural drawing’s
concept deeply. In the Cad — based drawings that have been provided with the project
documents, no side views or sections are provided. In Revit program, side views
from north, east, south, and west are automatically created without having to draw

them, figure (4.4) shows the lateral side views of the building from 4 sides.
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Figure 4.4: Structural Side Views of the Building
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Figure 4.5: Cross Section For Stair Details
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Sections can also be provided for any plan in the view, from view/ sections/ new
section can be dragged to the plan and by click “go to section” the cross section can
be shown with the required level of detail, figure (4.5) shows cross section for stair
with rebar.

Drawings for multiple floors.

Architectural drawings, which include floors, walls, windows, doors, and stairs, can
also be extracted from Revit program easily by just selecting the required level and
editing the visibility and graphics from properties to filter drawing’s categories, also
from properties, the view range might need to be edited to view some required
details. Figure (4.6), (4.7) and (4.8) shows the structural drawings for ground, first,
second, and third floor respectively.

6550

Figure 4.6: Level 0 (Ground Floor Plan)
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Figure 4.8: Level 3 (Third Floor Plan)
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4.2 Preparing Bills of Quantities From Revit Program

Autodesk Revit as one of the programs that depends on BIM technology, when the
building’s parts were created, it didn’t create it as merely shapes, everything created
was actually set of information that helps the program to coordinate all the project,
also those information can be invested to obtain BOQ with high level of details. in
this section, exhibition of some schedules that have been made with Revit with a

limited level of details as needed:
Blinding and Raft Foundation concrete quantities

From view / schedules / schedule/quantities/Structural Foundations was selected and
the fields added as volume, cost, perimeter, area, thickness, and comments. The only
hand entered data was the unit price of 95000 and 110000 1QD of the volume for raft
foundation and blinding respectively. Table (4.1) shows blinding and raft

foundation’s concrete quantities.

Table 4.1: Blinding and Raft Foundation’s Concrete Quantities

=5tructural Foundation Schedule=
A B C D E F
Volume Cost QD Perimeter Area Foundation Thickne: Comments
25576 28133300 82600 426 m* G600 raft foundation
6422 7054500 52600 535 m* 120 blinding

Raft Foundation’s rebar quantities

From view / schedules / schedule/quantities/Structural Rebar was selected and the
fields added as weight, cost, bar diameter, reinforcement volume, spacing, and
comments. The only hand entered data was the unit price of 1300000 1QD per Ton
for all bar diameters. Table (4.2) shows raft foundation’s rebar schedule.

Table 4.2: Raft Foundation’s Rebar Details & Quantities

Raft Rebar Schedule]

A B C ] E F
weghit Cost QD Bar Diameter  : Reinforcement Vol Spacing Comments
2752325 3551000 16 mm 0.35188% m® 245 mm Raft Rebars
2752325 3551000 16 mm 0.35188% m® 245 mm Raft Rebars
275837 3558500 16 mm 0.352659 m* 245 mm Raft Rebars
275837 3558500 16 mm 0.352659 m* 245 mm Raft Rebars

11.06139 14375800 1.409094 m®
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Column concrete quantities

From view / schedules / schedule/quantities/ Structural Columns was selected and the

fields added as volume, cost, type, count, base level, and top level. Cost formula was
entered as volume multiplied by 95000. Table (4.3), (4.4), (4.5) and (4.6) show
column schedule and concrete quantity schedules for ground, first, second, and third

floor respectively.

Table 4.3: Ground Floor’s Column Schedule & Concrete Quantity

=Structural Column Schedule Ground Floor=
A B C D E F
olume Cost 1QD Type Count Baze Level Top Level
26.57 m? i2524000 (300 x800 mm (44 iLevel D Lewel 1
Table 4.4: First Floor’s Column Schedule & Concrete Quantity
=Structural Column Schedule 1st. Floor=
A B C D E F
olume Cost 1QD Type Count Baze Level Top Level
0.23 22200 300 = 300mm 1 Level 1 Level 2
17.78 1685500 300 x 600 mm 38 Level 1 Level 2
18.02 1711700
Table 4.5: Second Floor’s Column Schedule & Concrete Quantity
=5tructural Column Schedule 2nd. Floor=
A B C D E F
Wolume Cost QD Type Count Basze Level Top Level
0.23 22200 300 = 300mm 1 Level 2 Level 3
17.78 1688500 300 x 600 mm 38 Level 2 Level 3
18.02 1711700
Table 4.6: Third Floor’s Column Schedule & Concrete Quantity
=Structural Column Schedule 3rd. Floor=
A B C D E F
Volume Cost 10D Type Count Baze Level Top Level
435 m* (417200 300 x 800 mm (10 iLevel 3 iLevel 4
438 e 417200
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Column Rebar quantities.

From view / schedules / schedule / quantities/Structural Rebar was selected and the
fields added as weight, cost, bar diameter, reinforcement volume, spacing, and
comments. Then the results were filtered by comments equal G.F col. Cost formula
was entered as weight multiplied by 920000. Table (4.7), (4.8), (4.9) and (4.10) show
column rebar quantity schedule for ground, first, second, and third floor respectively.

Table 4.7: Ground Floor’s Column Rebar Schedule

28

=G F column Rebar Schedule=
A B C D E F
weghit cost Bar Diameter : Reinforcement Vol Spacing Comments
1.926187 1772100 10 mm 0.245374 nr 120 mm G.F caol.
0.16459 151500 10 mm 0.020820 nr 248 mm G.F caol.
4 520825 4167400 16 mm 0.577048 nr G.F caol.
6.620701 6091000 0843401 nr
Table 4.8: First Floor’s Column Rebar Schedule
=1st Floor column Rebar Schedule=
A B C D E F
weghit cost Bar Diameter  : Reinforcement Vol Spacing Comments
1.263008 1162000 10 mm 0160893 m* 120 mm 1st.&2nd.F col.
0.078377 70300 10 mm 0.009730 m* 745 mm 1st.&2nd.F col.
3.405208 3136500 16 mm 0.434204 m* 1st.&2nd.F col.
4 748591 4368700 0604916 m*
Table 4.9: Second Floor’s Column Rebar Schedule
=5econd Floor column Rebar Schedule=
A B C D E F
weghit cost Bar Diameter  : Reinforcement Yol Spacing Comments
1.263008 1162000 10 mm 0160893 m* 120 mm 2nd.col.
0.020099 18500 10 mm 0.002580 m* 745 mm 2nd.col.
2.221095 2650600 16 mm 0.367018 m* 2nd.col.
4184202 3831100 0.530472 m*




Table 4.10: Third Floor’s Column Rebar Schedule

Slab’s concrete and formwork quantities

=3rd. Floor column Rebar Schedule=
A B C ] E F
weghit cost Bar Diameter  : Reinforcement Vol Spacing Comments
0.250581 230500 10 mm 0.031918 m* 150 mm ... 150 mm 3rd.col.
0.540804 289500 18 mm 0.081631 m* 3rd.col.
0.891365 820100 0.113550 m*

From view / schedules / schedule / quantities/ Floors were selected and the fields

added as volume, area, perimeter, elevation at top, default thickness, formwork area,

cost (of concrete) and formwork cost. Formwork area was entered as a formula

equals ((Area + perimeter) *default thickness), Cost of concrete was a formula of

(volume*95000), and formwork cost was a formula of (formwork area*10000) Then
the results were filtered by elevation at top. Table (4.11), (4.12), (4.13) and (4.14)

show slab’s concrete and formwork quantity schedule for ground, first, second, and

third floor respectively.

Table 4.11: Ground Floor’s Slab Concrete and Formwork Schedule

«(5.Floor Concrete & Formwork Schedulex

A B C 1] E F G H
Volume Area Perimater Elevation at Top | Default Thickness: Formwaork Area Cost QD formwork Cost QD)
89.50 m 448 i131688 4200 i200 4743 8511100 (4742900
Table 4.12: First Floor’s Slab Concrete and Formwork Schedule
<1st. Floor Concrete & Formwork Schedule=
A B C 1] E F G H
Volume Area Perimeter Elevation at Top : Defaul Thickness | Formwork Area Cost 12D formwork Cost 1QD
89.50 m 448 e i131688 {7400 1200 4743 18511100 (4742900
Table 4.13: Second Floor’s Slab Concrete and Formwork Schedule
<2nd. Floor Concrete & Formwork Schedule>
A B C 1] E F G H
Volume Area Perimeter Elevation at Top : Default Thickness : Formwork Area Cost QD formwark Cost QD)
89.50 m? (443 m? 11 31688 ;msnn 200 4743 (8511100 (4742900
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Table 4.14: Third Floor’s Slab Concrete and Formwork Schedule

<3rd. Floor Concrete & Formwork Schedule=

c

D

E

F

G

H

Wolume

Area

Perimeter

Elevation at Top

Default Thickness

Formwaork Area

Cost 1D

formweork Cost 1Q0)

.87 m

60

136800

113800

200

672

1137200

‘872100

Beam’s concrete quantities

From view / schedules / schedule / quantities/ Structural Framing was selected and

the fields added as volume, cost 1QD, count, length, elevation at top, family and type,

and formwork area. Formwork area was entered as a formula equals (beam formwork

cross section * length), Then the results were filtered by elevation at top. Table
(4.15), (4.16), (4.17) and (4.18) show concrete for beams and formwork schedule for
ground, first, second, and third floor respectively.

Table 4.15: Ground Floor’s Beams Concrete & Formwork Schedule

30

<G.F. Floor Structural Framing Concrete Schedule=
A B C D E F G
Volume Cost QD Count Length Elevation at Top Family and Type formwork area
29.24m {ATT7600 18 :248000 4200 iM_Concrete-Rectangular Beam: 300 x 600m :273.9
2924 m ZTTT600 249000 2739
Table 4.16: First Floor’s Beams Concrete & Formwork Schedule
<1st. Floor Structural Framing Concrete Schedule=
A B C 1] E F G
Volume Cost 10D Count Length Elevation at Top Family and Type formwork area
T4 : 2603800 7 232200 {7400 iM_Concrete-Rectangular Beam: 300 x 600m ;255.42
2741 me 2603800 232200 25542
Table 4.17: Second Floor’s Beams Concrete & Formwork Schedule
<2nd. Floor Structural Framing Concrete Schedule>
A B C D E F G
Volume Cost IQD Count Length Elevation at Top Family and Type formwork area
2209 m® {2098500 i15 188100 {10600 {M_Concrete-Rectangular Beam: 300 x 600m i 20651
209 m 2098500 188100 20691




Table 4.18: Third Floor’s Beams Concrete & Formwork Schedule

=3rd. Floor Structural Framing Concrete Schedule>

A B C 0 E F G
Volume Cost 10D Count Length Elevation at Top Family and Type formwork area
148 1140200 i3 £13050 {13800 iM_Concrete-Rectanqular Beam: 300 x 600m 14,355
1.48 m 140200 13050 14.355

Parapets concrete quantities

From view / schedules / schedule / quantities/ Structural Framing was selected and
the fields added as volume, cost 1QD, count, length, elevation at top, family and type,
and formwork area. Formwork area was entered as a formula equals (Parapet cross
section * length), Then the results were filtered by elevation at top. Table (4.19),
(4.20), (4.21) and (4.22) show parapets and formwork quantity schedule for ground,

first, second, and third floor respectively.

Table 4.19: Ground Floor’s Parapets Concrete & Formwork Schedule

<G.F. Floor Structural Framing (parapets) Concrete Schedule=
A B C D E F G
Volume Cost QD Count Length Elevation at Top Family and Type formwork area
185 m* 176100 i 146450 (4400 iM_Concrete-Rectangular Beam: 200x200mm; 18.58
1.85 m® 176100 45450 18.58
Table 4.20: First Floor’s Parapets Concrete & Formwork Schedule
<1st. Floor Structural Framing (parapets) Concrete Schedule>
A B C D E F G
Volume Cost QD Count Length Elevation at Top Family and Type formwork area
185 m° 175100 T {46450 {7600 {M_Concrete-Rectangular Beam: 200x200mm; 27 .87
1.85m 176100 46450 2187
Table 4.21: Second Floor’s Parapets Concrete & Formwork Schedule
<2nd. Floor Sfructural Framing (parapets) Concrefe Schedule=
A B C D E F G
Volume Cost 10D Count Length Elevation at Top Family and Type formwork area
.21 m 455000 30 85738 10800 W_Concrete-Rectangular Beam; 200x300mm;60.01851
7.89 m? 743800 2 43500 10800 W_Concrete-Rectangular Beam: 300 x 800m 82 85
13.10 m® 1244200 129238 142 66651
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Table 4.22: Third Floor’s Parapets Concrete & Formwork Schedule

<3rd. Floor Structural Framing (parapets) Concrete Schedule=
A B C ] E F G
Volume Cost QD Count Length Elevation at Top Family and Type formwork area
0.35m 32800 1 6350 13800 W_Cencrete-Rectangular Beam: 200x300mm: 1.905
538 m 509500 3 25740 13800 W_Concrete-Rectangular Beam: 300 x 800m ;4461
571 m 542400 36090 46515

Stairs concrete quantities

From view / schedules / schedule / quantities/ Stairs was selected and the fields
added as top level, volume, cost, actual number of rises, actual riser height, actual
tread depth, formwork area, and formwork cost. Formwork cost was entered as a
formula equal (formwork area * 10000). Then the results were sorted by top level.

Table (4.23) shows stairs material takeoff schedule.

Table 4.23: Stairs Material Takeoff

<Stairs Material Takeoff=
A B C D E F G H
Top Level Waterial Yolume Cost Actual Number of :Actual Riser Height: Actual Tread Depth:  formwork area ©  formwork cost
Level 1 307 m 291800 2 pall 300 1501 150100
Level2 2nm 257300 17 188 300 13.81 138100
Level3 2N 257300 17 188 300 13.81 138100

Rebar quantities for slab, beams, and stairs

From view / schedules / schedule / quantities/Structural Rebar was selected and the
fields added as weight, cost, bar diameter, reinforcement volume, spacing, and
comments. Then the results were filtered by comments. Cost formula was entered as
weight multiplied by 1300000. Table (4.24), (4.25), (4.26) and (4.27) show slab,
beam, and stair’s rebar quantity schedule for ground, first, second, and third floor

respectively.

Table 4.24: Ground Floor’s Slab, Beams & Stair Rebar Schedule

<@G.F slab, Beams &stair Rebar Schedule=
A B C 1] E F
weghit Cost 1D Bar Diameter Reinforcement Vol Spacing Comments
0.931564 1211000 10 mm 0118571 m* 250 mm GF slab&beams
854332 11106300 12 mm 1.088321 m* GF =slab&beams
2487205 3233400 16 mm 036841 m® GF slab&beams
11.962088 15550700 1.523833 m
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Table 4.25: First Floor’s Slab, Beams & Stair Rebar Schedule

<First Floor slab, Beams &stair Rebar Schedule=
A B C D E F
weghit Cost 10D Bar Diameter Reinforcement Vol Spacing Comments
0.899202 1169000 10 mm 0.114548 m* {223 mm ... 268 mm 1st. slab
241709 10542200 12 mm 1.072241 m@ 1=t slab
2149315 2794100 16 mm 0.273798 m* 15t slab
11.465607 14505300 1.480587 m*
Table 4.26: Second Floor’s Slab, Beams & Stair Rebar Schedule
=5econd Floor slab, Beams &stair Rebar Schedule=
A B C ] E F
weghit Cost 1QD Bar Diameter | Reinforcement Vol Spacing Comments
0.930555 12058700 10 mm 0.118543 m* ZZ3mm ... 288 mm: Znd&beam. slab
8.41709 108942200 12 mm 1.072241 m? 2nd&beam. =lab
2147028 2791100 16 mm 0.273507 m* 2nd&beam. =lab
11.494675 14543100 1.464250 m*
Table 4.27: Third Floor’s Slab & Beams Rebar Schedule
=3rd. Floor slab, Beams Rebar Schedule=
A B C 1] E F
weghit Cost QD Bar Diameter  : Reinforcement Vol Spacing Comments
0.150917 243200 10 mm 0.024321 m* 147 mm ... 250 mm 3rd.zlab
1.197359 1556600 12 mm 0.152530 m* 3rd.zlab
0.535798 696500 16 mm 0.063254 m* 3rd.zlab
1.924074 2501300 0.245105 m*

DPC material takeoff

From view / schedules / schedule / quantities/ Structural framing was selected and
the fields added as type, length, type comments, volume, and cut length. Then the
results were filtered by type comments equal to DPC. Table (4.28) shows DPC
quantity schedule.

Table 4.28: DPC Schedule

<DPC Schedule=
A B C D E
Type Length Type Comments Yolume Cut Length
250x150mm {215 845 iDPC 7.3 i212.024
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Brick walls material takeoff.

From view / schedules / schedule / quantities / Walls were selected and the fields
added as volume, cost, area, base constrain, top constrain, and family and type. The
cost field was a formula equal (volume*165000). Then the results were filtered by
base constrain, and sorted by top constrain and family and type. Table (4.29), (4.30),
(4.31) and (4.32) show brick wall quantity schedule for ground, first, second, and

third floor respectively.

Table 4.29: Ground Floor’s Brick Wall Schedule

<Ground Floor's Wall Schedule>
A B C ] E F
Volume cost Area Baze Constraint ¢ Top Constraint Famity and Type
0.58 160500 4mt LevelD Unconnected Basic Wall: Generic - 250
1.25 206700 10 m# Level 0 Up to level: Level 1:Basic Wal: Generic - 120
160.22 28435600 545 m* LevelD Up to level: Level 1:Basic Wall: Generic - 250
162 44 26803200 659 m?

Table 4.30: First Floor’s Brick Wall Schedule

<First Floor's Wall Schedule=
A B C D E F
Yolume cost Area Base Constraint | Top Constraint Famity and Type
120.44 (18872000 {482 P iLevel1 iUp to level Level 2iBasic Wall: brick 250 mm
120.44 19872000 482 m*

Table 4.31: Second Floor’s Brick Wall Schedule

<5econd Floor's Wall Schedule=
A B C D E F
Volume cost Area Base Constraint | Top Constraint Family and Type
120 44 118372000 482 mF iLevel2 iUp to level: Level 3iBasic Wall: brick 250 mm
120.44 19872000 482 m*
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Table 4.32: Third Floor’s Brick Wall Schedule

=Third Floor's Wall Schedule=

A B C D E F
Volume cost Area Basze Constraint : Top Constraint Famity and Type
4407 7270300 (178 me iLevel3 iUp to level Level 4:Basic Wall: brick 250 mm
4407 7270800 176 m*

Roof Isolation material takeoff

From view / schedules / schedule / quantities / Rooms were selected and the fields
added as area, name, upper limit, and isolation cost. The isolation cost field was a
formula equal (area*27000). Then the results were filtered by name equals Roof

tiles, and sorted also by name. Table (4.33) shows roof isolation quantity schedule.

Table 4.33: Roof Isolation Schedule

<Roof isolation schedule=
A B C D
Area MName Upper Limit Izolation cost
45 Roof tiles Level 4 1330515
36T Roof tiles Level 3 0390796
416 11230311

Plaster and facade marble material takeoff

From view / schedules / material takeoff / multi-category was selected and the fields
added as Material: area, material: name, material: cost, total cost. The total cost field
was a formula equal (Material: cost * Material: Area). Material: cost was already
entered in the properties of each material when created. The results were filtered by
comments equal plaster & facade, and sorted ascendingly by material: name. Table

(4.34) shows Plaster and facade marble material takeoff schedule.

Table 4.34: Plaster and Facade Marble Schedule

<Plaster & facade marble Material Takeoff=

A B C D
Material: Area Material: Name Material: Cost Total cost

306 Marble facade 75000 22957089
1135 Plaster P 11000 12480384
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Facade sweep material takeoff

From view / schedules / material takeoff / multi-category was selected and the fields
added as length, material: name, material: cost, total cost. The total cost field was a
formula equal (Material: cost * length). Material: cost was already entered in the
properties of each material when created. The results were filtered by material: name
equal facade sweep, and sorted ascendingly by material: name. Table (4.35) shows

facade sweep material takeoff schedule.

Table 4.35: Facade Sweep Schedule

<Facade sweep Material Takeoff=

A B C D
length Material: Name Material: Cost Total Cost
356.8 ifacade sweep (35000 (12489337 |

The other part of facade sweep is related to the windows that have facade view, so
from windows schedule, the fields added as comments, perimeter, and cost. The cost
field was a formula equal (perimeter * 35000). The results were filtered by
comments equal facade window. Table (4.36) shows window facade sweep material

takeoff schedule.

Table 4.36: Facade Window Sweep Schedule

<Facade Window Sweep Schedule=

A B C
Commentz perimeter cost
facade window 234 8183000

Gypsum plastering material takeoff

From view / schedules / schedule / quantities / Walls was selected and the fields
added as material: area, cost, material: name, and base constrain. The total cost field
was a formula equal (Material: area * 16000). The results were filtered by material:
name equal gypsum, and sorted ascendingly by base constrain. Table (4.37) shows

wall gypsum plastering material takeoff schedule.
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Table 4.37: Wall Gypsum Plastering Schedule

=Wall Gypsum Plastering Material Takeoff=
A B C D E
Material: Area Cost Material: Mame Base Constraint | Material: Wolume
1025 164502159 Gypsum Level 0 19.55 m*
658 10527575 Gypsum Level 1 11.79 m#
655 10527587 Gypsum Level 2 11.79 m#
104 1656635 Gypsum Level 3 1.2 m*

The other part of gypsum is on related to the roof, so from view / schedules /
schedule / quantities / Rooms were selected and the fields added as area, name, upper
limit, and roof gypsum cost. The roof gypsum cost field was a formula equal
(area*16000). Then the results were filtered by name does not equal court, balcony
and roof tiles and sorted also by name. Table (4.38) shows roof gypsum plastering

material takeoff schedule.

Table 4.38: Roof Gypsum Plastering Schedule

=<Roof gypsum plastering=
A B C ]
Area Name Upper Limit roof gypsum cost
342 Level 0 5475775
324 Lewvel 1 5191763
324 Level 2 5151244
43 Bedroom Level 3 691968

Floor marble material takeoff

From view / schedules / schedule / quantities / Rooms were selected and the fields
added as area, name, upper limit, and floor marble cost. The floor marble cost field
was a formula equal (area*45000). Then the results were filtered by name does not
equal bathroom, does not equal court, and upper limit equals level 0, and also sorted

by name. Table (4.39) shows ground floor’s marble material takeoff schedule.
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Table 4.39: Floor Marble Schedule

<Floor Marble Schedule=
A B C ]
Area Name Upper Limit Floor marble cost

114 Bedroom Level 0 5152330
36 corridor Level 0 1603018
80 kitchen Level 0 2852502
119 shop Level 0 5360215
320 14808065

Floor porcelain material takeoff

From view / schedules / schedule / quantities / Rooms were selected and the fields
added as area, name, upper limit, and floor porcelain cost. The floor porcelain cost
field was a formula equal (area*32000). Then the results were filtered by name does
not equal bathroom, does not equal court, does not equal roof tiles, and upper limit
does not equal level 0, and also sorted by name. Table (4.40) shows floor porcelain

material takeoff schedule.

Table 4.40: Floor Porcelain Schedule

<Floor Porcelain Schedule=
A B C D
Area Name Upper Limit Floor Porcelain cos
85 Balkony 3052747
454 Bedroom 15754541
165 kitchen 5273333
754 24120821

Wall ceramic material takeoff

From view / schedules / schedule / quantities / Walls was selected and the fields
added as material: comment, material: area, base constrain, material cost, and total
cost. The total cost field was a formula equal (Material: cost * Material: area).
Material: cost was already entered in the properties of each material when created.
The results were filtered by material: comment equal ceramic, and sorted
ascendingly by base constrain. Table (4.41) shows wall ceramic material takeoff

schedule.
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Table 4.41: Wall Ceramic Schedule

=Ceramic Materal Takeoff=

B C D E
Material: Comment: Material: Area Base Constraint Material: Cost Total Cost
Ceramic 259 Level D 40000 10356122
Ceramic 265 Lewvel 1 A0000 10608406
Ceramic 265 Level 2 40000 10602406

Paint material takeoff

From view / schedules / schedule / quantities / Walls was selected and the fields
added as material: area, cost, material: name, and base constrain. The cost field was a
formula equal (Material: area * 6000). The results were filtered by material: name
equal gypsum, and sorted ascendingly by base constrain. Table (4.42) shows wall
paint material takeoff schedule.

Table 4.42: Wall Paint Schedule

=Wall Paint Maternal Takeoff=

A B C D
Material: Area Cost Material: Name Baze Constraint
1029 6172582 Gypsum Lewvel 0
658 3047241 Gypsum Lewvel 1
653 3047245 Gypsum Level 2
104 621239 Gypsum Level 3

The other part of gypsum is on related to the roof, so from view / schedules /
schedule / quantities / Rooms were selected and the fields added as area, name, upper
limit, and roof paint cost. The roof paint cost field was a formula equal (area*6000).
Then the results were filtered by name does not equal court, balcony and roof tiles,

and sorted also by name. Table (4.43) shows roof paint material takeoff schedule.

Table 4.43: Roof Paint Schedule

=Roaof Paint Material Takeoff=

A B C D
Area Mame Upper Limit Roof paint cost
342 Level 0 2054516
324 Level 1 1545406
324 Level 2 15945406
43 Bedroom Level 3 259488
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Skirting material takeoff

From view / schedules / schedule / quantities / Rooms were selected and the fields
added as perimeter, marble skirting cost, name, and upper limit. The marble skirting
cost field was a formula equal (perimeter * 7500). Then the results were filtered by
name does not equal bathroom, court, and kitchen, and upper limit equals level 0,
and also sorted by name. Table (4.44) shows marble skirting material takeoff

schedule.

Table 4.44: Marble Skirting Schedule

=Marble Skirting Schedule=
A B C D
Perimeter marble skirting cost Name Upper Limit
129 065322 Bedroom Lewel O
114 852654 =shop Level 0
242 1817976

The same procedure above is applied again to get porcelain skirting material takeoff,
The marble skirting cost field was a formula equal (perimeter * 6000). Then the
results were filtered by name does not equal bathroom, court, kitchen, roof tiles and
balcony, and upper limit does not equal level 0, and also sorted by upper limit. Table

(4.45) shows porcelain skirting material takeoff schedule.

Table 4.45: Porcelain Skirting Schedule

<Porcelain Skirting Schedule=
A B C 1]
Perimeter Parcelain skirting c Name Upper Limit
242 1451857 Bedroom Level 1
242 1452037 Bedroom Level 2
224 284240 Bedroom Level 3
528 3168133

Door’s schedule

From view / schedules / schedule / quantities / Doors were selected and the fields
added as Family and type, width, count, and cost. Then the results were sorted

ascendingly by width. Table (4.46) shows door’s quantity schedule.
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Table 4.46: Door’s Schedule

=Doar Schedule=

A B C i}
Family and Type Width Count Cost
M_Door-Opening: $00x 2200 m :500 11 2200000
M_Door-Cpening: 1000x 2200 me 1000 34 8500000
M_Door-Opening: 1100x 2700m ;1100 11 12100000
M_Door-Opening: 2000x 2700m : 2000 1 1300000

Railing schedule

From view / schedules / schedule / quantities / Railing was selected and the fields
added as Family and type, length, railing height, and cost. The cost field was a
formula equal (length * 95000). Then the results were sorted ascendingly by family

and type. Table (4.47) shows railing quantity schedule.

Table 4.47: Railing Schedule

=<Railing Schedule=

A B C D
Famity and Type Length Railing Height Cost
Railing: 900mm 27 goo 2604274
Railing: 900mm faci92 S00 a7 o050
Grand total: 10 120 11362324

Windows schedule
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From view / schedules / schedule / quantities / Doors were selected and the fields
added as Family and type, width, height, count, area, and cost. The cost field was a
formula equal (Area * 160000). Then the results were sorted ascendingly by family

and type. Table (4.48) shows Aluminum windows quantity schedule.




Table 4.48: Aluminum Windows Schedule

<Aluminum Window Schedule=

From view / schedules / schedule / quantities / windows were selected and the fields
added as Family and type, area, and protection cost. The protection cost field was a

formula equal (Area * 50000). Then the results were sorted ascendingly by family

and type. Table (4.49) shows windows protection quantity schedule.

Table 4.49: Windows Protection Schedule

A B C 1] E F
Family and Type Width Height Count Area Cost
M_Window-Sgquare Opening: 200 x §00 mm ;800 G600 11 5 244300
WM_Window-Square Opening: 0900 x 1200mm : 900 1200 8 8 1038800
M_Window-Sguare Opening: 0800 x 1300mm ; S00 1800 2 3 18400
W_Window-5Square Opening: 1200x 1200mm : 1200 1800 & 17 2754800
M_Window-Zgquare Opening: 1500x 1800mm ;1500 1600 4 10 1536000
W_Window-Square Opening: 1800x 1200mm : 1200 1800 1 el 34580H)
M_Window-Zgquare Opening: 2000 2200 mm ; 2000 2200 1 4 704000
W_Window-Square Opening: 2000x 2500 mm : 2000 2500 el 10 16000
M_Window-Zguare Opening: 2400 1800mm ;2400 1800 2 9 1382400
M_Window-Square Opening: 2500x 12800mm ;2500 1800 1 5 720000
M_Window-Zgquare Opening: 2500x 2400 mm ; 2500 2400 18 108 17280000
WM_Window-Square Opening: 3500x 12800mm ;3500 1800 el 13 2018000
M_Window-Sguare Opening: W1 2x2 2000 1400 T 20 3138000
W_Window-Sguare Opening: W2 2.5x2 2500 1400 1 4 SE0000
W_Window-Sguare Opening: W3 1.25x2 1250 1400 3 5 240000
M_Window-Sguare Opening: W4 3.5x2 3500 1400 2 10 1562000
M_Window-Zgquare Opening: W3 kitchen 1.75: 1750 1400 1 2 382000
WM_Window-Sguare Opening: W6 1.75x2 1750 1400 1 2 352000
M_Window-Zgquare Opening: VWindow door10; 1000 2100 1] 13 2016000
Grand total: 79 248 39652800

=Windows Protection Schedule=
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A B C
Famity and Type Area protection cost
WM_Window-Sguare Opening: W1 2x2 2.4 420000
M_Window-5quare Opening: W2 2.5x2 35 175000
WM_\Window-5quare Opening: W3 1.25x2 525 282500
M_Window-Sguare Opening: W4 3.5x2 5.8 450000
WM_Window-Sguare Opening: W5 kitchen 1.75x2 2.45 122500
M_Window-5quare Opening: W6 1.75x2 245 122500
WM_Window-Square Opening: Window door1000x2100:6.3 F15000
Grand total: 14 38.15 1507500




4.3 Comparison Schedules

After the data was listed, it was collected in two brief schedules, to compare the
quantities and prices obtained by Revit software, with the data of the tender BOQ,
the first table was for comparing the material and cost for the main structure of the
building, while the second table was for the finishing quantities and pricing

comparison.

Table 4.50: Material and Cost Comparison (For Main Structure)

>
2 =
S = 8
=1 g & 8 8 8
5 o 5 o s 5 3
g & £ |3 s | £ s 58 £
=) o = [a) o [ &)
1 Excavation 0.6m m3 417 417 0.000 3753000 3753000 0
from the surface
2 filling with subbase | m3 278 278 0.000 4865000 4865000 0
and compacting
Blinding 12cm m3 64.22 67 -2.780 7064200 7370000 -305800
4 Sanitaries - - - 2000000 2000000 0
Raft foundation's Ton | 11.06 12 -0.939 14379807 15600000 -1220193
rebar,
6 raft foundation's - - - 1500000 1500000 0
formwork
7 raft foundation m3 255.76 275 -19.240 | 24297200 26125000 -1827800
concrete 60 cm
8 Ground floor's m3 26.57 30 -3.430 2524150 2850000 -325850
column concrete
9 Ground floor's Cou | 41 41 0.000 6150000 6150000 0
column formwork nt
& Rebar works
10 | rebar for G.F Ton | 6.62 7 -0.379 6091045 6440000 -348955
columns 10mm and
16mm

11 | concrete for slab m3 123.75 133 -9.250 11756250 12635000 -878750
and beams of G.F

12 | rebar for G.F slab- Ton | 11.96 12 -0.038 15550714 15600000 -49286
beams and stair
10mm, 12mm and
16mm

13 | G.F formwork for m2 781.79 690 91.790 7817900 6900000 917900
slab-beam and
stairs

14 | rebar for 1st. Floor Ton | 4.75 5.00 -0.251 4482124 4600000 -117876
columns 10mm and
16mm

15 | First floor's column | Cou | 39 39.00 0.000 5850000 5850000 0
formwork & Rebar nt
works

16 | First floor's column | m3 18.02 21.00 | -2.980 1756550 1995000 -238450
concrete

17 | 1st. floor formwork | m2 762.11 690 72.110 7621100 6900000 721100
for slab-beam and
stairs
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Table 4.50: (Cont.) Material and Cost Comparison (For Main Structure)

No.

Description

Difference

Revit price

Difference

18

rebar for 1st. slab-
beams and stair
10mm, 12mm and
16mm

S'Unit

= [Revit Quantity

NS
hy)

IS [Tender Quantity

o
o

S
(63
w
S

[ERN
N

905289

S [Tender
S|price

6

-694711

19

concrete for slab
and beams of 1st.
Floor

m3

121.56

133

-11.440

11548200

12635000

-1086800

20

rebar for 2nd.
Floor columns
10mm and 16mm

Ton

4.16

5.00

-0.836

3944486

4600000

-655514

21

second floor's
column formwork
& Rebar works

Cou

39

39.00

0.000

5850000

5850000

22

Second floor's
column concrete

m3

18.02

21.00

-2.980

1756550

1995000

-238450

23

2nd. floor
formwork for slab-
beam and stairs

m2

798.92

710

88.915

7989151

7100000

889151

24

rebar for 2nd. floor
slab-beams and
stair 10mm, 12mm
and 16mm

Ton

11.49

12.50

-1.005

14943078

16250000

-1306923

25

concrete for slab
and beams of 2nd.
Floor

m3

127.49

136

-8.510

12111550

12920000

-808450

26

rebar for 3rd. Floor
columns 10mm and
16mm

Ton

0.89

1.20

-0.309

820056

1104000

-283944

27

Third floor's
column formwork
& Rebar works

Cou

10

10.00

0.000

1500000

1500000

28

Third floor's
column concrete

m3

4.39

5.00

-0.610

417050

475000

-57950

29

3rd. floor formwork
for slab & beam

m2

128.07

95.00

33.070

1280700

950000

330700

30

rebar for 3rd. floor
slab & beams,
10mm, 12mm and
16mm

Ton

1.92

2.00

-0.076

2501296

2600000

-98704

31

concrete for slab
and beams of 3rd.
Floor

m3

19.16

17.00

2.160

1820200

1615000

205200

32

DPC

215.85

170

45.845

1942605

1530000

412605

33

Ground floor's
Brick wall works

M3

162.44

155

7.440

26802600

25575000

1227600

34

First floor's Brick
wall works

M3

120.44

108

12.440

19872600

17820000

2052600

35

Second floor's
Brick wall works

M3

120.44

108

12.440

19872600

17820000

2052600

36

Third floor's Brick
wall works

M3

24.07

48.00

-3.930

7271550

7920000

-648450

SUM

-2699539
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Table 4.51: Material and Cost Comparison (For Finishing)

5 2l 2| & 3 g 8
= £l S| 3| & 5 > 3
5 5| 2| 5| ¢ E E £
a 2 = &) 14 2 [a)

S [

lZ Roof tiles & isolation M2 | 416 420 -4 11230311 11340000 -109689

2 G.F. gypsum plastering M2 | 1371 | 1355 | 16 21939994 21680000 259994

3 1st.F. gypsum plastering M2 | 982 1240 | -258 | 15719338 19840000 -4120662

4 2nd.F. gypsum plastering M2 | 982 1240 | -258 | 15719431 19840000 -4120569

5 3rd.F. Gypsum plastering M2 | 147 160 -13 2348606 2560000 -211394

6 plastering M2 | 1135 | 1290 | -155 | 12480384 14190000 -1709616

7 Facade marble tiles M2 | 306 325 | -19 22957089 24375000 -1417911

8 Facade marble sweeps M 590.8 | 650 | -59.2 | 20672337 22750000 -2077663

9 G.F. ceramic M2 | 259 260 | -1 10356122 10400000 -43878

10 | 1st.F. ceramic M2 | 265 | 315 | -50 10608406 12600000 -1991594

11 | 2nd.F. ceramic M2 | 265 | 315 | -50 10608406 12600000 -1991594

12 | G.F paint M2 | 1371 | 1355 | 16 8227498 8130000 97498

13 | 1st.F paint M2 | 982 1240 | -258 | 5894247 7440000 -1545753

14 | 2nd.F paint M2 | 982 1240 | -258 | 5894251 7440000 -1545749

15 | 3rd.F paint M2 | 147 160 | -13 880727 960000 -79273

16 | G.F marble M2 | 329 325 4 14808065 14625000 183065

17 | porcelain other floors M2 | 754 820 | -66 24120621 26240000 -2119379

18 | Bathrooms & court's tiles no. | 17 17 0 3400000 3400000 0

19 | stair steps no. | 54 51 3 4050000 3825000 225000

20 | G.F skirting M 242 260 -18 1817976 1950000 -132024

21 | Other floor's skirting M 528 600 -72 3168894 3600000 -431106

22 | Steel Main door no. |1 1 0 1300000 1300000 0

23 | main doors for flats no. |11 11 0 12100000 12100000 0

24 | 1m width no. | 34 34 0 8500000 8500000 0

25 | 90cm width no. | 11 11 0 2200000 2200000 0

26 | Aluminum windows M2 | 248 260 -12 39652800 41600000 -1947200

27 | windows protection M2 | 38.15 | 42 -3.85 | 1907500 2100000 -192500

28 | Aluminum Railing M 120 117 3 11362324 11115000 247324
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Table 4.51: (Cont.) Material and Cost Comparison (For Finishing)

P
5 g €| s 8 8 3
P=] - S < = = s =
2 = > > L Q— = <
5 5 2| = £ = S £
L = ° = D =
. [a) é E [a) vd ﬁ (@]
2
29 | Electricity works no. | 670 670 0 33500000 33500000 0
30 | Sanitary works 16000000 16000000 0
31 | Closet no. |11 11 0 1980000 1980000 0
32 | washbasin no. 11 11 0 2420000 2420000 0
33 | shower cabin no. | 11 11 0 3850000 3850000 0
34 | Security man& house keeping 6500000 6500000 0
35 | Finishing total price 368175327 | 392950000 | -24774673
Table 4.52: Total Price Differences
Structure Finishing Total
Revit Price 284292461 368175327 652467788
Tender Price 286992000 392950000 679942000
Difference -2699539 -24774673 -27474212

4.3 Discussion of the Results

By looking to figure (4.9), the differences between Revit and tender quantities for
concrete material takeoff are clarified, starting by blinding, foundation, ground floor
columns, ground floor slab & beams, first floor columns, first floor slab & beams,
second floor columns, second floor slab & beams, and second floor columns, the
quantities in Revit are evidentially less than the quantities of tender. But third floor
slab & beams quantity in Revit is higher than the quantity of tender.
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Figure 4.9: Concrete Material Takeoff

Figure (4.10), shows the differences between Revit and tender quantities for steel
rebar material takeoff. Revit — based rebar quantities for foundation, ground floor
column, first floor column, first floor slab, second floor column, second floor slab,
third floor column, and third floor slab, are less than tender — based quantities, only
ground floor slab quantity remains nearly the same with Revit and tender — based
quantities.  Generally, rebar quantities are estimated in higher than the Revit

estimation values.

MATERIAL TAKEOFF FOR STEEL REBAR

Revit Quantities Tender Quantity
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Figure 4.10: Rebar Material Takeoff
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Formwork area, which is shown in figure (4.11), are also showing differences, but
this time Revit — based values are greater than tender — based values and the
difference is very sharp in all floors, this big gap might be occurs because of the lack
of drawings and details, as each floor in addition to the floor formwork area has
different longitudinal and lateral beams distribution and parapets, so the formwork
area also differs in each floor.

900,00
800,00
700,00
600,00
o
£ 500,00
©
2 200,00
<C
300,00
200,00
(] |
0,00
G.F formwork 1st. floor formwork  2nd.formwork 3rd. formwork
B Tender Quantity M Revit Quantity

Figure 4.11: Formwork Area

Figure (4.12) shows brick wall material takeoff for the 4 levels of the building, it
shows big differences between Revit and tender — based quantities, ground floor’s
quantities were 162.44 m*® and 155 m® for Revit and tender — based quantities
respectively, first and second floor’s quantities are the same which are 120.44 m® and
108 m?® for Revit and tender based quantities respectively, while in third floor’s
quantities Revit quantity is 44.07 m® which is less than tender quantity that equals 48

me.
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Figure 4.12: Brick Wall Material Takeoff

Figure (4.13) shows plastering material takeoff for the whole building and gypsum
plastering material takeoff for each single floor in the building, ground floor’s
gypsum plastering quantities are 1371 m? and 1355 m? in Revit and tender — based
estimation respectively, which can be considered the same quantity, while in first and
second floor, the difference is extremely high, in Revit estimation, the value was 982
m? and for tender estimation the value was 1240 m?, which is 21% more than Revit —
based estimation. In third floor, the quantity was 147 m? and 160 m? in Revit and
tender — based estimation respectively. Plastering estimation values were also
different, with 1135 m? and 1290 m? in Revit and tender based estimation

respectively.

It is noticeable that tender — based estimation quantities of brick wall in figure (4.)
are less than Revit — based estimation quantities in ground, first and second floor, the
normal altitude for tender — based gypsum plastering for the mentioned floors should
also be less than Revit — based estimation, but by comparing figure (4.) and figure
(4.) the contrast is very clear and that reflects the weakness of the traditional methods

of estimation.
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Figure 4.13: Plastering and Gypsum Plastering Material Takeoff

Figure (4.14) shows Facade marble tiles, ground floor’s marble, floor porcelain,
aluminum windows, and windows protection, Revit — based facade marble tiles
estimated quantity is less than tender — based estimated quantity with 306 m? and 325
m?. Ground floor’s marble Revit -based estimated quantity was 329 and tender —
based estimated quantity was 325 m? which can be considered the same. Floor
porcelain Revit — based estimated quantity has a big difference from tender — based
estimated quantity, it has a value of 754 m? comparing to 820 m? in Tender.
Aluminum windows estimation values were also different, with 248 m? and 260 m?
in Revit and tender based estimation respectively. Windows protection quantities in
Revit — based estimation and tender — based estimation values are 38.15 m? and 42

m? respectively.
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Figure 4.14: Marble, Porcelain and Aluminum Windows Material Takeoff

Figure (4.15) shows Facade marble sweeps, skirting, and aluminum railing. For
facade marble sweeps, Revit — based estimated quantity is less than tender — based
estimated quantity with 590.8 m and 650 m respectively. Ground floor’s skirting and
other floor’s skirting Revit -based estimated quantity was 242, 528 m respectively,
and tender — based estimated quantity was 260, 600 m respectively. Aluminum
railing has nearly the same values for Revit and tender — based estimations which are

120 and 117 m respectively.

700 650
590,8 600
600
528
500
E
é? 400
€
< 300 J4y 260
(o
200
120 117
- l .
0
Facade marble G.F skirting other floor's skirting  Aluminum Railing
sweeps

M Revit Quantity B Tender Quantity

Figure 4.15: Facade Marble Sweep, Skirting and Aluminum Railing Material
Takeoff
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Finally, figure (4.16) shows ceramic material takeoff variances, ground floor’s Revit
— based estimated quantity nearly the same with tender — based estimated quantity.
First and second floor’s skirting and other floor’s skirting Revit -based estimated
quantity was 242, 528 m respectively, and tender — based estimated quantity was
260, 600 m respectively. Aluminum railing has nearly the same values for Revit and

tender — based estimations which are 120 and 117 m respectively.
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Figure 4.16: Ceramic Material Takeoff
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Figure 4.17: Price of Categories Revit vs. Tender (For Finishing)
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Figure 4.18: Price of Categories Revit vs. Tender (For Main Structure)

Difference in quantity naturally leads to difference in price, and the amount of
variance in price depends on the estimated quantity and the unit price of each
category, figure (4.17) and (4.18) show Revit and tender — based price of categories.
It is obvious that some categories have a little increase or decrease in price due to
either the little change in the quantity or the unit price of the category is not high. In
other categories the difference in price is very sharp because of the big difference in
Revit and tender — based quantities, also the unit price of the category itself is
relatively high. When the estimated quantity is less than the actual quantity, the
contractor will spend more than the predestined budget and that leads to reducing the
expected profit, when the difference is too much, the contractor could lose and that

might cause the project to stop.

However, the oscillation in categories prices causes the total price of the project to be
different also, figure (4.19) indicates the total price of the structure, total price of
finishing and total price of the building for both Revit and tender — based

estimations.

The total price of structure was 284.29 million IQD for Revit — based estimation and
287 million 1QD for tender — based estimation, the difference was not big, the reason
behind that is because Revit — based formwork, DPC, 3™ floor slab & beams concrete
and brick wall estimated quantities are more than tender — based estimated quantities,
while in other categories Revit — based quantities are less, this have made a kind of

equilibrium and the total price of the structure appears close.
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For finishing price, Revit — based estimated cost was 368.17 million 1QD, and tender
— based estimated cost was 392.95 million 1QD, Revit calculation have reduced the

estimated cost by more than 6% compared to the tender estimated cost.

The total Revit — based estimated cost was 652.46 million IQD, and tender — based
estimated cost was 679.94 million 1QD, Revit calculation have reduced the total

estimated cost by 4% compared to the tender estimated cost.
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Figure 4.19: Estimated Total Price Revit Vs. Tender
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5. CONCLUSIONS AND RECOMMENDATIONS

The main aim of this research is to evaluate the impact of implementation BIM
technology on small scale projects, also, it aims to redirect the attention and increase

the awareness of companies and stakeholders who deals with small projects.

In this research, a case study of 3-storey building was applied by one of BIM
software (Autodesk Revit 2020), 2-D and 3-D drawings was extracted depending on
the data used to create the model, some of these drawings was not available with the
drawings that was made with Autodesk AutoCAD software. These drawings contain
structural and architectural drawings, side views, and sections, without wasting time

for drawing each one by hand.

Quantities estimations were obtained from the results of Revit software and
compared with the quantities of the tender that were prepared with traditional
methods, also the cost of each category was obtained and compared, the results can
be abbreviated as the following:

e 37 categories of 70 showed that Revit — based quantities are less than tender
quantities, while 12 categories showed that showed that Revit — based
quantities are more than tender — based quantities, 3 categories showed nearly
the same quantities, the rest 18 categories are fixed and with no quantity

estimation.

e Concrete Revit —based quantities were less than tender — based quantities by

with big difference for 9 of 10 of concrete categories.

e Revit — based rebar quantities was less than tender — based quantities for all

rebar categories, but the difference was not too big.

e Revit — based quantities for all categories of formwork and 3 of 4 categories
of brick wall were more than tender — based quantities with big differences.

e For finishes, Revit — based quantities for plastering, facade marble tiles,

facade marble sweep, floor porcelain, aluminum windows, window’s
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protection, marble skirting, porcelain skirting, and 3 categories of ceramic
quantities were less than tender — based quantities.

The biggest gap was in the quantity of gypsum plastering and paint for 2 of 4
categories each, Revit based — quantities were extremely less than tender —

based quantity.

The results showed that the total Revit — based estimated cost was 652.46
million 1QD, and tender — based estimated cost was 679.94 million 1QD,
Revit calculation have reduced the total estimated cost by 4% compared to
the total tender estimated cost.

Also, for finishing price, Revit — based estimated cost was 368.17 million
IQD, and tender — based estimated cost was 392.95 million 1QD, Revit
calculation have reduced the estimated cost by more than 6% compared to the

tender estimated cost for finishing.

The total price of structure was 284.29 million 1QD for Revit — based
estimation and 287 million 1QD for tender — based estimation, without a big
difference in the total estimated price for the structure. However, prices for
every category are more or less for both estimations, and that have made a

kind of equilibrium.

Determining the most correct material and cost estimation for the project
helps contractors and owners to know their budget and reduces the gap

between estimated and actual quantities during construction phase.

The oscillation in quantities, in addition to it effect prices for each category, it

could also lead to increase the time of the project.

The other benefits of BIM which was mentioned in the literature review,
included 3 — D rendering, shop drawings generating, building’s maintenance,
material and cost estimation, interference detection, analytical analyses,
reducing time of project delivery, team work friendly, and improving the

quality of managing the project.

Finally, the researcher concludes that BIM technology implementation for
small scale construction projects is highly recommended to minimize

interferences and saving time, and also the accurate cost estimation, also the
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level of awareness to implement this technology by stakeholders should be

raised.

Future studies:

e For the future studies the researcher suggest the following:

e Evaluate the feasibility of implementation of bim on small scale construction

projects.

e Solving the barriers of using bim for the small companies and making a well

organized and full considered formwork for training the design engineers.

o Deeper research on linking architectural, structural, and mep on a workset to

minimize interferences and saving time.
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APPENDICES

Appendix A: CAD Drawings

Figure A.1: Ground Floor’s CAD Drawing
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Figure A.2: First Floor’s CAD Drawing

Figure A.3: Second Floor’s CAD Drawing
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Figure A.4: Third Floor’s CAD Drawing
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Appendix B: Bills of Quantities (Tender)

Table B.1: Tender and Bills of Quantities (Main Structure)
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Table B.1: (Cont.) Tender and Bills of Quantities (Main Structure)

NO5 :£ s uall a8

32k 18 9 pial) 8 ga

SAT il -

-

e..'\AAAJ

I8l - ek Al 3l 5 s ¢ g i el Jgi2n

Aaayl [ Baagl

Asasl)

-

aa o)

Slas¥) Gl

15600000 1300000

12

ok

e Uil 55 ol
i salaal) Jael oLl 2 a1 6
O5Sos oalaab s i s 4y dle (iidila
Odislall a5 gyl

1500000 EAPEN

NP PSR PV N NP
90 Aok A sty alal)
B—‘L‘ Jandl clgay (’JL w s
Claglasi g Ciliual sall 5 e gus 1
Sl gl

26125000 95000

275

60 ASlansy S5 5S 3di g Saeas
Uy sl Cuianl) aladiuly el
Oe JE Y dagliay #OM alia
Gl Jleel dady Jandl, JISul 11035
lids Jaal) ole3Y a5k Le qan s o lally
Gilaadad g Glaial gall § ila gu
) Garigall

1.2.1

2850000 95000

30

Gl Baac Y Cyy S5 S 3T 5 e
@0 ) sl il aladinly i )Y
1Se35 (e JE Y A gliags galiieY)
e slall (N dady ), JSL
il gyl Lda Jand) o lgiY o 50 L
osigall Clagled g Slidial sall 5
il

6150000 150000

41

e

Gilall 3aae Y Balaal) Jlae by 2Ladl)
paallale 16 ki (ini]4) oY)
alal5 Slilsay ala 10 dad g s )
e laaiuly adall I ey

Jenll £led¥ oL Lo a5 (a5 25250
Silaglat 5 ilial sall 5 e gus il
el Gurigall

65




Table B.1: (Cont.) Tender and Bills of Quantities (Main Structure)
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Table B.1: (Cont.) Tender and Bills of Quantities (Main Structure)
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Table B.1: (Cont.) Tender and Bills of Quantities (Main Structure)
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Table B.1: (Cont.) Tender and Bills of Quantities (Main Structure)
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Table B.1: (Cont.) Tender and Bills of Quantities (Main Structure)
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Table B.1: (Cont.) Tender and Bills of Quantities (Main Structure)
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Table B.1: (Cont.) Tender and Bills of Quantities (Main Structure)
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Table B.2: Tender and Bills of Quantities (Finishing)
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Table B.2: (Cont.) Tender and Bills of Quantities (Finishing)
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Table B.2: (Cont.) Tender and Bills of Quantities (Finishing)
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