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ABSTRACT

The use of computers for the analysis and design of structures has become a
standard practice in today’s world especially in the design of complex structures, such
that space craft, aircraft, tall building, long span bridges, ete. As a result of standard
practice of computational design of tall building structures, there is a number of
software in the market for a solution of similar problem. However, there is no existing
comparative analysis among commercially available software for tall building design.
Therefore, this research aims to perform comparative analysis of different software. The
comparison was made in terms of efficiency, ease in modeling and economy of design.
Throughout this project, the structural members of a multistorey building were analyzed
using different approaches which are by manual calculation and chosen softwares:
ESTEEM and ORION. At first, the comparison was made to the building which was
subjected to only vertical loading. Then the building was simulated by dynamic loading
such as wind loading. Lastly, the result outpuis from the comparison was used to
validate the efficiency of the chosen software in producing the most economical and
optimum structural design with respect to manual calculation. Based on the analytical
and structural design results, ORION software is found to be more superior to ESTEEM
software in terms of producing the most efficient, economical and optimum structural

design with respect to manual calculation.
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CHAPTER1:

INTRODUCTION

1.1 BACKGROUND OF STUDY

Structure is a system formed from the interconnection structural members or the
shape or form that prevents buildings from being collapsed. A structure supports the
building by using a framed arrangement known as Superstructure. There are two
important steps for the construction of a building, (i) Structural Analysis and (i)
Structural Design. Structural analysis is the force acting on different parts of the
structure that can be determined through structufal analysis. The most common forces

calculated are movements and shear forces.

Complicated formula and charts will be used in the calculation works and this
requires the use of computer software as well as trained and experienced engineers.
However, basic understanding of the concept of the design and structural amalysis is
significantly required. Structural engineering software is introduced for engineering
practices. These software are globally used almost everywhere in the world which
provide a quick and reliable answers to everyday structural and geotechnical engineering
problems such as:

e  Finite element analysis of complex building frame
e  Steel member and connection design
e  Reinforced and prestressed concrete design
¢  Reinforced concrete detailing
‘e Timber member design
e  Slope stability design
o  (eotechnical design



Structure engineering software program has substituted the manual method in
design structure in construction industry. Design and analysis structure can be quickly
and easily input and viewed on the screen in a various format. There are many structural
engineering software introduced presently such as ESTEEM and ORION. This software
can help difficult structures to be designed in a short time and reduced costs compared

with traditional method.

In general, the efficiency of any structural design software is judged according
to the competency of the design to fulfill the required function safely, economically
feasible and capable of maintaining an acceptable appearance within its specified service
lifetime. Thus, the design of reinforced concrete structure is also being assessed in the
same manner. Basically, it is necessary for engineers to have a strong background and

experience in civil engineering in order to produce an accurate analysis and feasible

design. [2]

1.2 PROBLEM STATEMENT

As the world continues to move towards the new era of information technology,
it has become a necessity and trend for a design office to be equipped with at least one
analysis and design software. The availability of this sofiware helps and ease engineer’s
work in many ways ranging from simple loading calculation to superstructure and
substructure design and analysis. However, availability of so many software for the
same purpose in the market raised a question to the end user: Which is the most
competent software in terms of producing the most efficient, economical and optimum

structural design?



1.3 OBJECTIVES

The main objective of this project is:

To perform a comparative structural analysis for the software.

In order to achieve the main objective, this study must achieve the following sub-

objectives:

To identify the parameters for evaluation.

To evaluate structure using different approach which by manual calculation

and software.

To perform sensitivity analysis/validate against different loading conditions.

1.4 SCOPE OF WORK

In order to achieve the above objectives, the scope of work of this study was carried out

as following:

1.

Understand the functions and applications of the chosen software of reinforced
concrete design. In this stage, a few reinforced concrete structure examples

were used as reference to run and test the application of the different structural
software.

Study an architectural drawing of multistorey building and analyzed by using
chosen softwares. At first, the analysis was made to the building which was
subjected to only vertical loading. Then the building was simulated by dynamic

loading such as wind loading.

Comparison of computational result output. The result output were studied and
compared within the chosen softwares and also compared with the manual
calculation in order to determine the competence software in producing an

economical and optimum structural design.



CHAPTER 2:
LITERATURE REVIEW

This literature review covers six different sections. Section 2.1 focuses on the
literature review of the published work on structural engineering software. Section 2.2
will discuss on the behavior of high rise building while section 2.3 focuses on standard
computer analysis and application. Proceed with section 2.4 and 2.5 which will discuss
on the review of software and criteria for case study respectively. Lastly section 2.5

focuses on the summary of the whole literature review.

2.1 LITERATURE REVIEW OF RESEARCHER ON STRUCTURAL
ENGINEERING SOFTWARE

2.1.1 Research on Application of Structure Engineering Software

A study by Tuan Yusof and Faizah[3] review how far the application of structure
engineering software in construction’s company nowadays and the type of software
usually used by local organization in the structure engineering especially in the study

area, Ipoh.

This study acquires information in two ways through the literature study and
case study. For case study method, analysis of data made based on form of
questionnaires and discussion acquired from the party respondent such as contractor’s
company, consultant’s company and local authority. The first analysis was made by
referred to the outlook for sofiware application in structure engineering. Further,
analysis made based on the types of software which are used, frequency of application
software and the reason of each software that have been used in construction industry in

Malaysia.

STAAD Pro, ESTEEM, PROKON, ORION, EXCEL and SAP 2000 are the six
popular types and frequently used in structural engineering. STAAD Pro occupies
uppermost place in this frequency of use. According to respondent, STAAD Pro is the



best method for the construction steel structure, it is very user friendly and no detail
rebar needed, that mean this software only produce result that are required only. Second
highest placed is ESTEEM’s software that give faster and accurate result in the
production structure de.sign. Followed also by PROKON’s software at third place of the
frequent used. PROKON’s software also provided accurate result and faster in the
design structure engineering. ORION’s software is in the forth place in the frequency of
use. According to respondent, ORION’s software can produce better and faster 3D.
EXCEL occupies in fifth position frequency of percentage of using software although it
only normal computer software not structure engineering software. SAP’s software 2000
took the last place in frequency of use structure engineering software. Although it is sit
under and lowest place popularity over other software but it still also popular used in

structure design because it can help in generating fast data in the structure design.

The results from the study revealed that the software application in siructure
engineering is widely used, helps a lot and make it easy for design especially structure

engineering in construction industry in Malaysia.

2.1.2 Comparison between Ribbed Slab Structure using Lightweight Foam

Concrete and Solid Slab Structure using Normal Concrete

A study by Rana, Norizal, FEthar and Zailan[l] review the potential of
Lightweight concrete in reducing of dead load on slab concrete structure, so that it
would allow the structural designer to reduce the size of columns, footings and other

load bearing.

Esteem® software is used throughout this study in order to design onc-way
ribbed slab and two-way solid slab. The first part of this study is conducting the Lab
tests for the density and compression strength while the second part is the analysis of the
data made by using the ESTEEM® software. ESTEEM® software is selected because of
its efficiency in producing accurate values and also casy to use. The data was collected

from the result of the density and compression tests for the concrete and were fed to the



software. This software was designed according to British standard. It can analyze and
calculate the volume of concrete, amount of steel and formwork, and produce the
drawing of the sections and amounts of shears, moments and deflections. Furthermore,

this software is able to calculate the raw cost and placement cost for the floor plan.

The result of the analysis, which was done by using the ESTEEM® software,
shows that Foam concrete can be designed to meet the criteria of compressive strength
of load bearing concrete and Foam concrete is a suitable solution in the construction of
multi-storey buildings. Besides, foamed concrete has been identified as a suitable
material to replace the normal concrete used for this purpose. At the same time, the
density of foamed concrete can be designed and controlled according to the ratio of the
mixture and the stability of the foam used. Furthermore, the construction cost of one-
way ribbed slab with beams is more economical than that of the two- way solid slabs
with beams. Lastly, the ESTEEM® software appears to be an efficient and accurate

instrument that is reliable to be used in making the analysis and calculations.

2.1.3 Comparison of Different Structural Software for Multistorey Building Design

in Terms of Concrete Column Reinforcement

A study by Chaw Kit Teng[2] compares the differences and effectiveness of
different structural software available for the design of Reinforced Concrete Columns
for multistorey building with variation of building height and bay framing width.
Besides, this studies also intent to compare the competence of the difference structural

software in producing the most economical and feasible column design.

Structure model with different combination of building height and bay width
were used to carry out the analytical study. Column sizes were kept constant for all the
models in order to maintain the consistency and accuracy of the results output. Two
software; PROKON Version W1.1.02 and STAAD Pro 2002 which are very common in

the structural practices in Malaysia were used for this comparative analysis.

On the whole analysis, STAAD Pro 2002 is more suitable for tall building
modeling as compare to PROKON VersionW1.1.02. PROKON software is commonly



recommended as useful in column design for structures up to 10 storeys only. Moreover
STAAD Pro software allows the entire building to be modeled either in three
dimensional structure or two dimensional structure. On the contrary, PROKON software
only allows a module of the entire structure to be modeled at any instant. Besides that,
any rectangular column dimensions are acceptable by the STAAD Pro software whereas
PROKON software only allow rectangular column dimensions of which the ratio of the
larger to the smaller does not exceed 1:4. Hence, this has become the main constraint
that causes the program to be unable of generating any results for the assigned column

dimension.

The results from the study revealed that STAAD Pro’s software proved to be
highly efficiency software, which produced more economical design as compared to
PROKON software.

2.2 BEHAVIOR OF HIGH RISE BUILDING

From the structural engineer’s point of view, a high rise building can be defined
as one that, because of its height, is affected by lateral forces due to wind or earthquake
actions to an extent that they play an important role in the structural design [4].

The two primary types of vertical load-resisting elements of high rise building
are columns and wall, the latter acting either independently as shear walls or in
assemblies as shear wall cores. The building function will lead naturally to the provision
of walls to divide and enclose space, and of cores to contain and convey services such as
elevators. Columns will be provided, in otherwise unsupported regions, to transmil

gravity loads and, in some types of structure, horizontal loads also.

The inevitable primary function of the structural elements is to resist the gravity
loading from the weight of the building and its contents. Since the loading on different
floors tends to be similar, the weight of the floor system per unit floor area is

approximately constant, regardless of the building height. Because the gravity load on



columns increases down the height of a building, the weight of columns per unit area

increases approximately linearly with the building height.

The highly probable second function of the vertical structural elements is to
resist also the parasitic load caused by wind and possibly earthquakes, whose
magnitudes will be obtained from National Building Codes or wind tunnel studies. The
bending moments on the building cause by these lateral forces increase with at least the
square of the height, and their effects will become progressively more important as the

building height increases.

Loading on high rise building differs from loading on low rise buildings in its
accumulation into much larger structural forces, in the increased significant of wind
loading, and in the greater importance of dynamics effects. The collection of gravity
loading over a large number of stories in a high rise building can produce column loads
of an order higher than those in low-rise buildings. Wind loading on a high rise building
acts not only over a very large building surface, but also with greater intensity at the
greater heights and with a larger moment arm about the base than a low rise building.
Although wind loading on a low rise usually has an insignificant influence on the design
of the structure, wind on a high rise building can have a dominant influence on its
structural arrangement and design. In an extreme case of a very slender and flexible
structure, the motion of the building in the wind may have to be considered in assessing

the loading applied by the wind [2].



2.3 STANDARD COMPUTER ANALYSIS AND APPLICATION

Computer application in daily use is essentially for every branch of concrete
engineering. These applications cover the principal design processes of analysis,
proportioning and detailing, auxiliary activities such as preparation of design document
(specification test, bar schedules, drawings, etc.), quantity takeoff and estimating, and
many of the control functions associated with fabrication and construction. Finally, a
large portion of analytical research in concrete behaviour and concrete structures

involves extensive use of computers [5].

The range of computers application in concrete engineering is continually
expanding. New program are being developed for problem whose solutions were
inconceivable in the past, either because of the magnitude of the numerical calculations
involved (e.g. the exact analysis of large, complex structures) or because of the logical

complexity involved (e.g. the direct production of design drawings).

Most standard computer programs are based on the matrix method of structural
analysis. Commercially available interactive computer programs demand few of the
structural engineers for the keying in of specific structural data such as geometry,
member sizes material properties and loading. Some of these programs incorporate
several different types of structural elements such as beams and truss elements. These
are the so called general-finite element programs. The size of the structure that can be
analyzed is dependent on the way that the program is structured and the type of
computer used. For analysis of less complicated structures, a compuier program
incorporating the use of just one type of elements, i.e. the beam elements, will be
sufficient. Many simple plane'programs have published in engineering journals and can
readily be used by anyorne taking the time to enter the few hundreds lines of such a
program. The writers of these programs have all chosen their own favourite way of
entering data into the computer and into the computer and so reference should be made

to the respective program guidelines [6].
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2.5 CRITERIA FOR CASE STUDY

Throughout this project, a software comparison was made to the building which
was subjected to gravity load and also additional wind load. Therefore, 13 storeys office
building was chosen as a case study. This is because dynamic effect such as wind
loading will be dominant when the building height is more than 10 storeys. Furthermore,
based on literature review, passed researchers have only focuses on specific studies of
individual structural member such as slab [1] and column [2]. This study attends to do
evaluation for all structural members of the building. It is a concern that complexity of
the design will complicate the assessment and such that may not be accomplished within
the FYP timeframe. Therefore, this project is only considered multistorey building with

a simple design as a case study.

2.6 SUMMARY

Nowadays, there are several published works on structural engineering software
that have been done by the researchers [1, 2, 3]. One of it is on the type of software
usually used by the local organization and frequency of application [2]. This study
revealed that STAAD Pro occupies uppermost place in the frequency of use followed by
ESTEEM, PROKON, ORION, EXCEL and SAP 2000. This proved that the software
application in structure engineering is widely used in construction industry in Malaysia.
Another research focuses on application of software in designing the structural members
such as slab [1]. ESTEEM software is selected because of its efficiency in producing
accurate values and also easy to be used. There is also a research on application of
different software such as STAAD Pro and PROKON but it only focuses on specific
elements, not the whole members of the building [3]. Therefore, this project
‘Comparative Structure Analysis for Multistorey Building’ is focuses on the analyzing
and designing all structure members of superstructure using different software.
ESTEEM and ORION software is chosen because it is widely used to design reinforced
concrete structure. In addition, multistorey building is chosen as a case study because
the wind loading is dominant. Structural comparison can be made efficiently with the

simulation of different loading.
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CHAPTER 3

METHODOLOGY / PROJECT WORK

3.1 PROCEDURE IDENTIFICATION

The multistorey building model was analyzed using ESTEEM software, ORION
software and manual calculation. In order to carry out this study systematically, the

project work was divided into 6 steps which could be summarized as following:

Step1:  Research on the published work was carried out to identify the most common

structural engineering software used by the engineer in construction industry.

Step 2: The parameters for the case study was identified. The multistorey building
was chosen to perform sensitivity analysis and validate against different

loading conditions.

Step3:  Structural calculation was performed by manual calculation and chosen
softwares. At this stage, the analysis was made to the building which was
subjected to gravity loading. The slab, beam and column sizes were kept at
constant value throughout the entire modeling analysis. These fixed sizes
were determined using manual calculation since it employed the most
conventional design approaches. The amount of reinforcement required in the

slabs, beams and columns for each level was determined.

Step4:  The result outputs were compared between the manual calculation and chosen

softwares.

Step 5:  Sensitivity analysis was performed to the structure model to validate against
different loading condition. Also, structural calculation was performed by

manual calculation and chosen softwares.

12



Step 6: The result output were studied and comparison were made between the
chosen softwares and manual calculation in order to determine the most
competence software in producing an economical and optimum structural

design.

The procedure and stage of the entire project was also shown in the flowchart below:

Research on published work and software
application

y

Identify Case Study of Project

A 4
Perform structural calculation by manual and chosen
softwares

) 4
Make an analysis comparison of chosen softwares with
respect to manual calculation

Perform sensitivity
analysis/validate against
different loading condition

Recommend the most efficient and
feasible structural engineering software

Figure 3.1: Flowchart of Methodology for FYP

13



3.2 STRUCTURE MODEL

Ti _Ga_ . s, B8OD L B ifraw ‘ l 5. I :
g
i - B - n - 5
-*-w—-r N n » "
- » Jl »
3
[—‘ n - . 8
_; » » - » "
e " n " . »
il - - = » = -

Figure 3.2: Typical floor framing and column layout plan

Figure 3.2 shows the typical floor framing and column layout plan of the
multistorey model. The shape of the external and internal columns would be rectangular.
Most of the columns were spaced 5.8 m apart while others were spaced 4.5 m apart. The
height of the structure model was 13-storeys tall with a common storey height of 4 m.
The structure model consists of several beams and also uniformly thick one-way slab as
a floor system. The thickness of the slab used for every floors were 200 mm think.

Meanwhile, the size of the beams used was 230 x 450 mm.

14



Similar column sizes were used and they were extended up to 3 storeys before
experienced any change in dimension. The dimensions of the columns were gradually

being reduced from the lowest 3 storeys to the topmost 3 storeys.

The lift cores were located at the middle of the multistorey building. Hence, the
structure model was considered as a braced framing system. Clause 3.8.1.5 (BS
8110:1:1997) [10] stated that * a column may be considered braced in a given plane if
lateral stability to the structure as a whole is provided by walls or bracing or
buttressing designed to resist all lateral forces in that plane. It should otherwise be

considered as unbraced.”

3.3 DESIGN SPECIFICATION AND ASSUMPTIONS

The main dimension, structural features, loads, material, etc. are set out below:
3.1.1 Design Standard and Codes of Practices

The following codes of practices provide the general guide for the structural member

design of the structure model.

¢ Uniform Building Code (UBC 1997) — Design Wind Pressure
e DBS 8110: Part 1: 1997: Structural Use of Concrete
o BS 8110: Part 3: 1985: Structural Use of Concrete

3.1.2 Material Properties

Reinforced concrete is used as the frame material for the structure models.
Concrete Grade 25 (25N/mm?)
Reinforcement Grade 460 (460N/mm?)

3.1.3 Base Support

All base supports of the structure model are fully fixed.

15



3.1.4 Fire Resistance

All structural members are designed to have a fire resistance period of 2 hours.
3.1.5 Exposure Condition

All the structural members are considered to have a mild exposure condition.
3.1.6 Nominal Cover

All slabs, beams and columns would have a nominal cover of 25mm to all reinforcement

based on the code.

3.1.7 Types of Occupancy

The multistorey building is designed for the office purposes.

3.1.8 Structural Form

The type of structural form used in this modeling analysis is a braced rigid frame.

3.1.9 Dead Load and Imposed Load
Dead Load Self-weight of the reinforced concrete slab, beam and column.
Imposed Load 3.0 kN/m?

3.1.10 Wind Load

The design wind pressure is computed based on UBC 1997 and subsequently used to

calculate the wind load exerting at each level.

Design wind pressure, p = C.Cqygslw

Where,
C, is coefficient of gust factor

Cq is the coefficient of pressure

16



I,, is the building importance factor specified by UBC
gs 1s the wind stagnation pressure

The wind stagnation pressure, q, is calculated using the following equation:

Wind stagnation pressure, gs (kN/m?) = 0.0006126v* (m/s)

Wind stagnation pressure, gs (psf) = 0.0025 6v* (mile/hour)

Where,

V is the basic wind speed

The basic wind velocity is assumed to be 35 m/sec (78.29 mph). The building
site is assumed to be located at the centre of large cities where over half the building has
a height in excess of 70ft which is approximately 21m. Hence, the site is classified as
Exposure B. Besides that, office buildings are typically assigned a Standard Occupancy
of 1.00 (refer Appendix D).

Basically the wind forces are assumed to be acting at each level as horizontal
point load onto the structure in a single direction. The value for gust factor coefficient,
C. can be obtamed from Appendix C whereas the value for pressure coefficient, C, in
the windward and leeward direction is taken as 0.8 and — 0.5 respectively (refer to
Appendix E). Consequently, the value for the wind stagnation pressure, gs is 0.7497
KN/m”.

The column-end moment of the multistory building model! is calculated using

Portal Method. This analysis is based on the following assumptions:

e Horizontal loading on the frame causes double curvature bending of all the
column and girders, with points of contraflexure at the mid height of columns
and mid span of the girders as shown in Figure 3.3.

e The horizontal shear at mid storey levels is shared between the columns in

proportion to width of aisle each column supports
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Figure 3.3: Forces and deformation cause by external shear

The results of the wind load calculation and maximum column-end moment for the

structure model is displayed in Table 3.1.

Floor Qs Ce Cq Wind Load Per Max. Column
Level (kN/m?) WW LW WW LW Level (kN) moment (kKNm)

13 0.7497 1.340 1.340 0.8 -0.5 15.15 5.2

12 0.7497 1.304 1.340 0.8 -0.5 29.80 15.0

11 0.7497 1.268 1.340 0.8 -0.5 29.30 24.8

10 0.7497 1.232 1.349 0.8 -0.5 28.80 344

9 0.7497 1.194 1.340 0.8 -0.5 28.27 43.8

8 0.7497 1.148 1.340 0.8 -0.5 27.63 53.0

7 0.7497 1.094 1.340 0.8 -0.5 26.88 62.0

6 0.7497 1.035 1.340 0.8 -0.5 26.05 70.8

5 0.7497 0.976 1.340 (0.8 -0.5 25.23 79.2

4 0.7497 0.909 1.340 0.8 -0.5 2430 87.2

3 (.7497 0.836 1.340 0.8 -0.5 23.29 95.0

2 0.7497 0.731 1.340 0.8 -0.5 21.82 102.2

1 0.7497 0.620 1.340 0.8 -5 20.28 109.0

Table 3.1: Result of the wind load calculation and maximum column-end moment for a
13 storeys building
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3.1.11 Load Combination

The following load combination for the ultimate limit state is applied in the column

design of the structure model.

1.2 (Dead Load + Imposed Load + Wind Load)

In general, all columns are designed according to the ultimate limit state and those that

are subjected to the maximum axial load and moment about the critical axis.

3.1.12 Mipimum Percentage of Reinforcement

The minimum area of reinforcement for grade 460 should not be less than 0.4% of the

gross cross-sectional area of the column.

The minimum area of reinforcement for grade 460 should not be less than 0.13% of the

gross cross-sectional area of the slab and beam.
3.1.13 Maximum Percentage of Reinforcement

The maximum area of reinforcement for grade 460 should not exceed 6% of the gross

cross-sectional area of the vertically cast column.

The maximum area of reinforcement for grade 460 should not exceed 4% of the gross

cross-sectional area of the slab and beam.

3.4 TOOLS REQUIRED

The softwares which were used in this final year project include ESTEEM and
"‘ORION.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 RESULTS

4.1.1 Slab

Figure 4.1 shows the plan view of the slab. Table 4.1, Figure 4.2, 4.3 and 4.4

illustrate the amount of reinforcement required in the slab Line 2 — 3 modeled by

ESTEEM, ORION software and manual calculation respectively.

L2
F
®
L
L -] L] ® ® 900 O @
Figure 4.1: Plan view of slab Line 2 — 3
Main Bar Size
Result Side Slab (mm?) Middle Slab (mm?) | Distributional Bar Size (mm?)

Esteem T16 — 200 (805) T16 — 200 (805) T16 —200 (805)
Orion T12 - 150 (754) T10 - 125 (629) T10 - 175 (449)
Manual T12 - 150 (754) T10 - 125 (629) T10 — 175 (449)

Table 4.1: Comparison of the amount of reinforcement in the slab
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Figure 4.2: Reinforcement bar size in slab results from Esteem software analysis
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Figure 4.3: Reinforcement bar size in slab results from Orion software analysis
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Figure 4.4: Reinforcement bar size in slab results from manual calculation
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4.1.2 Beam

Figure 4.5 and 4.6 illustrate the plan view and cross section of the beam
respectively. Table 4.2 and 4.3 show the amount of reinforcement required in the beam

for middle frame modeled by ESTEEM, ORION software and manual calculation.

| | Side frame

Figure 4.5: Plan view of Beam Line 3

£ i BgT oL
BRT-178 $d2 1 B -~ l "-L‘—"_-_-._m DL

F TN - 5 i -

o 50 ! e

Figure 4.6: Cross section of the beam Line 3
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Without wind loading

Result Left hand side | Middle Right hand side
(mm?) (mm?) (mm?)

Esteem

Orion

Manual

Table 4.2: Comparison of beam for middle frame before wind simulation

With wind loading
Result Left hand side Middle Right hand side
(mm?) (mm?) (mm?)
Esteem
Orion
Manual

In each row, **shows top reinforcement and * shows bottom reinforcement of the beam

Table 4.3: Comparison of beam for middle frame after wind simulation
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4.1.3 Column

Table 4.4 and 4.5 show the amount of reinforcement required in the columns of

the multistorey building modeled by ESTEEM V6.6.3.3 and ORION R14 software. The

results of the manual calculation are also being included in the tables. The comparison is

narrowed to a specific column location which designated as column 3D. Column 3D is

classified as a side column located at the middle frame. Figure 4.7 illustrate the location

of column 3D.

Iy . 1

o

a6

—y— e e ————————————

LTI ]

¢ o468 b6 & o

Figure 4.7: Location of side column for middle frame

24

Aliddle frame




Side column without wind loading

Esteem (mm?) Manual (mm?)

Orion (mm?)

Floor Level Column Size (mm)
11" Floor 400 x 400
7" Floor 500 x 500
4™ Floor 700 x 700
Ground Floor 900 x 900

Table 4.4: Comparison of side column for middle frame before wind simulation

Side column with wind loading

Esteem (mm?) Orion (mm?) Manual (mm?)

Floor Level Column Size (mm)
11® Floor 400 x 400
7% Floor 500 x 500
4" Floor 700 x 700
Ground Floor 900 x 900

Table 4.5: Comparison of side column for middle frame after wind simulation
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4.2 DISCUSSION

Basically, the structure model of the multistorey building is analyzed for two
different loading conditions. For the first part, the structure model is only subjected to
gravity loading which consists of live load and dead load. Then, the simulation of the

wind loading is taking place in the second part of the analysis.

Slab Line 2-3 has been chosen 1o evaluate the amount of reinforcement modeled
by ESTEEM, ORION software and manual calculation. The slab is design as one-way
continuous slab and the result output in Table 4.1 summarize the amount of

reinforcement required in the main bars and distribution bars of the slab.

) g ey Momenn steel

ST

| e {Frgtriputonn Steel

. !i e a e A g Rl b
_i§ ! R e Bgaen STR@L ‘
‘ ' : Span f S i Spon b

. K cnnnnuﬁ“" {;nd—?&rfg}g #lab. o
Figure 4.8: Illustration of continuous one-way slab

The deviation in the amount of reinforcement between the side slab and middle
slab are due to the different in the amount of bending moment. Theoretically, the
bending moment at the side slab is greater than middle slab. Table 4.6 shows the

coefficient used to calculate the bending moment in the slab.

End supportislab connection At first Middle Interior
- . interior ntexior Supports
Simple Continuous support spans
At outer | Nearmiddle | Atouter | Nearmiddle
support of end span FUppoTt of end span
Moment { 0.086F7 - §.04F; €.0%75F - 00868 |0.063F — 0.GE3F?
Shear 2.4F — 0.46F — 0.6F — C.5F
NOTE & s thetondl desigeultimare bad i 140, = 1664 )
H 25 The =ffective span

Table 4.6: Ultimate bending moment and shear forces in one-way spanning slabs
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The amount of reinforcement in the slab does not change after the wind
simulation. This is because, large amount of axial load from load combination of 1.4
Dead Load + 1.6 Imposed Load is governing rather than the load combination of 1.2
Dead Load + 1.2 Imposed Load + 1.2 Wind Load [10], [11]. In another word, wind
loading combination is not very significant. For beams and columns, the design must

consider wind loading to resist sway in building {13].

Based on the result output in Table 4.1, the amount of reinforcement produced
by ORION software is least as compared to ESTEEM software with respect to manual
calculation. ESTEEM software produce greater amount of reinforcement because the
minimum percentage of reinforcement area fixed by its program is greater than ORION
software. The minimum percentage of reinforcement area specified by ESTEEM,
ORION and manual calculation are 0.4%, 0.13% and 0.13% respectively.

Usually, the amount of reinforcement required in the slab is small because it only
carried the loads from its own floor level. Since the design needs to follow the minimum
percentage of reinforcement area specified by the programs, therefore there is a slight

deviation in result output evaluated by the chosen softwares.

For the beam analysis, the comparison is specified to the beam for the middle
frame located at the ground floor since it takes large amount of bending moment from
the effect of wind loading. As shown in Table 4.2 and 4.3, the amount of reinforcement
has increased sigpificantly between the case before the wind simulation and afier the
wind simulation. This happened because beam needs to resist the wind loading and

greater amount of reinforcement is required.

In addition, from table 4.3, it can be seen that extra amount of reinforcement has
provided in the left and right hand side of the beam. This happened so to develop the
necessary moment of resistance because the moment has increased significantly

(approximately 20% to 40%) due to wind loading.

The deviation in the amount of reinforcement produced by the chosen softwares
is due to uniform consideration of the parameter in the softwares itself. Like slab, the

minimum percentage of reinforcement area fixed by the programs influence the amount
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of reinforcement required in the structural member. The minimum percentage of
reinforcement area fixed by ORION software is least as compared to ESTEEM software
which is 0.40% and 1.00% respectively. For instance, for a 230 x 450 mm beam, the
minimum percentage of reinforcement arca required for ORION and ESTEEM software
are 414mm® and 1035mm® respectively. To follow this minimum specification,
ESTEEM software tends to produce greater amount of reinforcement rather than
ORION software. Hence, ORION software is considered as competent software in

producing the optimum structural design with respect to manual calculation.

Furthermore, side column for middle frame is chosen to demonstrate the results
output from the column analysis. This is because, the load combination of 1.2 Dead
Load + 1.2 Imposed Load + 1.2 Wind Load is more governed. This statement is vise
versa to the middle column for middle frame in which the load combination of 1.4 Dead

[.oad + 1.6 Imposed Load is governed.

Rased on the results output displayed in Table 4.4 and 4.5, as the storey level
decrease the column size require is increased. The column sizes were kept at constant
value for different cases so that amount of reinforcement in the column can be
differentiated effectively. From the tables, it can be found that the amount of
reinforcement has increased significantly after the wind simulation. The deviation is
more apparent for the column at the lower floor. The change in the amount of

reinforcement before and after wind simulation is approximately 20% to 50%.

Generally, the deviation in the amount of reinforcement for the case before and
after wind simulation is not really big. This is because the structure model is designed as
a braced framing system with the existence of the lift cores which act as a shear walls.
Shear walls are very rigid in their own plane and hence are effective in limiting

deflections [4].

On the whole, columns designed by ORION software required the least amount
of reinforcement as compared to ESTEEM software. This comparison is made with
respect to manual calculation. The deviation in the amount of reinforcement between

chosen software and manual calculation is approximately 5% to 25%. Esteem software
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tends to produce greater amount of reinforcement because its program has specified
10% of the load allowance as the additional loading on top of the reaction loads. This

value is multiplied to the loads from the column reaction.

ESTEEM software produced heavy column design as compared to the ORION
software and manual calculation in the lowest 3 storeys columns. Since the horizontal
wind loading are being assigned manually to the ESTEEM software, there is a high
tendency that some of the columns especially the lower floor columns will be subjected
to enormous amount of loading as a result of load accumulation from each storey.
Subsequently, this will cause the columns to be overstressed and thus, higher amount of

reinforcement is required.

Based on the results and the above discussion, ORION software proved to
produce the most optimum design as compared to ESTEEM software with respect to
manual calculation. This is mainly due to the ability of ORION software to analyze the
structure by its own features. However, ESTEEM software requires the lateral loads to

be inserted manually.
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4.3 COST ESTIMATION

The cost estimation for this project is focused on concrete and steel cost only.
Table 4.7 and Table 4.8 show the total cost estimate before wind simulation and after
wind simulation respectively. The comparison of the total cost estimate is made between
chosen softwares and manual calculation. On the whole, the total cost estimate after the
wind simulation is higher as compared to before the wind simulation. The different is
roughly about 8.3%. This is because the amount of reinforcement in the structural

members has increased in order to withstand the lateral loading.

The concrete cost for the structural members do not change since the dimension
is still the same for different cases. Nevertheless, the steel cost is change because the
amount of reinforcement has increased. Beams and columns give the most significant
change for the steel cost. Both of these structural members are important in resisting the
building from the wind loading. Moreover, floor slab is the most costly because the
amount of reinforcement and concrete used are greatest as compared with other structure
members. Floor slab takes approximately 43.5% of the total cost estimate for the

superstructure.

On the whole, ORION software gives the least total cost estimate followed by
manual calculation and ESTEEM software. ORION software gives less 4.8% of the
total cost estimate from manual calculation while ESTEEM software gives additional
6.9% of the total cost estimate from manual calculation. Therefore, ORION sofiware can

produce economical design rather than ESTEEM software.
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Structure Esteem Orion
Slab 878,811.17
Beam 200,958.35
Column 298.,063.44
TOTAL 1,377,832.96
Table 4.7: Total Cost estimate before wind simulation
Structure Esteem Orion
Slab 878.811.17
Beam 234,730.80
Column 371,023.94
TOTAL 1,484,565.91

Table 4.8: Total Cost estimate after wind simulation
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4.4 COMPARISON OF DIFFERENT STRUCTURAL SOFTWARE

4.4.1 Differences of the Structural Software

On the whole, ORION software is more suitable for tall building modeling as
compare to ESTEEM software. This is because ORION software is able to produce
optimum structural design without the needs to assign the horizontal wind loading
manually. However. ESTEEM software requires the horizontal wind loading to be

inserted manually to its program.

Besides, ORION software can produce the design in a short time because its
program allows the user to insert the total number of storeys at the start of the program.
Then, the design status (whether fail or pass) can be known immediately after the
structural member’s dimension is assigned. However, ESTEEM software requires the
storeys level to be inserted after the precedence storeys have been analyzed. Meanwhile,
the design status can be known after the whole structural members have been analyzed

and such method is time consuming.

4.4.2 Similarities of the Structural Software

In general, both programs have employed the finite element analysis (FEA) as a
practical solution for all structural analysis and design problem. FEA is based on the
idea of building a complicated object with simple blocks, or, dividing a complicated
object into small and manageable pieces. The procedure of FEM in structural analysis is

as following [14]:
e Divide structure into pieces (elements with nodes)
e Describe the behavior of the physical quantities on each element

e (Connect (assemble) the elements at the nodes to form an approximate system of

equations for the whole structure.
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e Solve the system of equations involving unknown quantities at the nodes (e.g.,

displacements)
¢ Calculate desired quantities (e.g., strains and stresses) at selected clements

Besides that, both software also capable of preparing calculation reports which
are totally customisable by the user. They include tables, diagrams and maps of results,
plus any view of the structure. The report always keeps track of any changes made to the
structural model, thereby ensuring that the calculations and results are always associated

with the current structural model.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

The following conclusion can be made based on the analysis of multistorey building

using ESTEEM, ORION software and manual calculation:

1.

ORION software is the most competent software in term of producing the most

optimum structural design with respect to manual calculation.

ORION software is capable in producing the economical structural design since the
amount of reinforcement required is nearest to the manual calculation rather than

ESTEEM software.

. ORION software is more efficient because its program can produce a design status

in a short time as compared to ESTEEM software which is time consuming.

There is also a tendency for over-design or under-design to occur in the used of
ESTEEM software since the program required to assigned wind load manually and

which mainly depends on the accuracy and correctness of the manual method.

ORION software is a more advance program in terms of tall building modeling as

limitation is encountered in using ESTEEM software.

Although every effort has been made to ensure the correctness of both programs, any
mistake, error or misrepresentation in or as a result of the usage of the programs is
able to cause a great problem to the design output. Hence, superfluous attentions are
required in order to ensure the correctness as well as the accurateness of the data

input.
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5.2 RECOMMENDATIONS

The recommendations derived from this project include:

e The investigation should be done using more variety of software in order to

further validate the accuracy of the results output.

e The multistorey building should be increased in height so that the large deviation
in terms of dimension, amount of reinforcement and cost can be validated

effectively by the chosen softwares.

e Civil engincering students of UTP should be exposed to structural engineering
software at earlier stage with the intention that students will be more prepared for

their future final year projects as well as for future working purposes.
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APPENDIX C: Combined Height, Exposure and Gust Factor Coefficient, C. (UBC

TABLE 46-G—COMBINED HEIGHT, EXPOSURE AND GUST FACTOR COEFFICIENT {8

WEBHT ABOVE AVERSOE LEVEL OF
ADIDHING DROUND iloett
5345 for M EXPORFE D ESPOAURE © EXPQBURE 3

15 130 148 082
20 L4 115 il
a2 [%24] 119 asz
3D L3 15 46
& 162 131 DE4
60 173 143 n8%

50 1.8l 1.33 i3
160 158 Ll L3
120 18 I8 12
160 e 138 L3l
200 2 LI 142
30 13 245 163
400 14 218 1.ED

Tylnes fe ‘miermedace beight: above 15 feat (437 mmm) way be breyolaed

APPENDIX D: Occupancy Category (UBC 1997)

TABLE 16-K—0QCCUPANLCY CATEGORY

CECUPANGY CATSOORY

CDCUPANGY OR FUNGTIONS OF 5TRUCTURE
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WING
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2%

130

115
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Woahrildrs srucrres housing sIpporming of Lontaiming quarsre: of ~ordt or
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beilding 0 he rlsssifisd s a Grop H Divison L 2 ar 7 Ocopency

-
ta
L

1.13

bt

Special
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ereaner fhar 300 students
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with & capazify graarer taan 305 swnderts

Grong T, Divisions 1 and 2 Qroupancies witk 20 or oure 1esident incapaciteted
padents. b nor nctuded in Caregory

Group I, Division 3 Occupancies
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190
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155
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¥
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APPENDIX E: Pressure Coefficient, C, (UBC 1997)

TABLE 16-H—PRESSURE COEFFICIENTS (g}

Slope =+ 12:12 {100%5
“Wind parsliel o mde= and Jst ool

$TRUCTURE OF PART THEREGF DEBCAIFTICN ¢ FACTOR
1. Primary frames snd systens M%gsﬁd 1 {Wozmal foroe method}
Alls:
Windward well 0.3 Broad
_Lleswzrd watl 0.3 eumward
BooSt
Wond parpendicular o nigze
Leeward reof or flar oot 0.7 caarward
Windward roof
iass fazn 2117 (18 M%) 0.7 gumxard
Slopa 212 {16.7 lasz than 012 75%; 0.8 xpward o 2.2 irward
Slopa 812 }?5% 12 (koo 0.2 imand

0.7 pyward
0.7 sumwacd

Afethod ! (Projeceed area mathod
On vertical projectsd area
Sraroaes 0 feet (12 192 mm of lass U kelghe
Soruceezes over 40 feet {83 193 mam) in heiskt

1.5 horizoutal any direction
1.4 horizootal =y direction

- cam

O herizentsl projeced ar=a- 0.7 wpwart
I, Elemaers ynd compoents 1ot in ereas of TWEl elements .

dizcommmty Al stricranes 2 jawand
Exnclosad and menclosed samctums carward
Parially exclosed :racnoes carvard
Paragess walls 1.5 iawnerd or ovnvard

Poof alerunts’

Enclosed and tmenclosed strucores

1.3 aumvand
1.5 oowand of fward

ligars and elevators)

2 inches ;21 nrn) or last in dlamerar
COrves 2 deches (57 ) ix dizmeer
Flat or angaiar membars

D) 17 eumvaed
{16.73) 1 3.6 curward oz 005 fvward
! (5B.3%% ) 2.7 oneward of imward
3. Eaers and ;cxﬂpnnem i aress of “Wal: cormers® 1.5 carward o7 1.2 joward
disconswuitiess
Foof exes, rakes or ridze: withow
gverhangs®
Slope - .32 (16,705 T3 upward
Slope .17 {16,704 o T2 (5830 T% orovard
Slope 1X (3850 e 12002 (2000 1.6 ward
For slopes fess than 2:12 (16.3%}
Overhanzs a1 7o0f exvas, cdkes o sidzes. and 0.5 added evaius abovz
canoples
4. Chinveeys, ranks and solid fowars Square of racongaias L2 any direcrign
Eamagonal or ocieZonsl 11 apy dimection
Roncd or elipEal 0.3 any direcgon
3. Gpea-frarze towsrs > Simare nd rectangular
Diagonst 44
ormal 38
Eriangalar 32
6. Tower sccassades (sl as keddess, conddt, Cxlingrical mensbers

7. Sizms. flazpoies, Lgvpeles, Tanor STOCLIES

1.4 ary diserdon

[For ene ziory oriae fop swory of emlizzery paristly enciozed smuciyes, #2 zddizongl velue 2£ 0.5 fhall be added 10tk oumwad Oy The mast ordicel omtirstier

shall be useg for dasign. For definition of pertialy
i
for #mea: & dzcondmites wik

frame vake:.

3Fer shopes sroatr tamn 12 wvts vardcal in 12 writs borizonsal {100%: sl

4T ocal pressures shal appty over 3 dispnce Fom the

2

& values Histed zra for 20-:quare-foes 1093 o) cibutary aveas. For cibwiary amme:
toges less thae T unin
v be uzed for wikotery av=as batveen b zid 100 sgusme featil

enclozad sinsotimas, see Section 1618
of 100

vy, ise watl eenseny values,

€1 0ad is 1o be applied o aithar side of discondmety b mo sivirenecasly o both sidas,

Tiyimd pressuwes shali be applied ta the Total pormel projected axes of a3l alpmearts onene face.

$Faccors for cvlindrical elenents are teo tivds of those for Saror angiiar alaptents.

4]

¥ discortrmity of 19 feer {3048 mm} or 0.1 tice: the lagst
Tiscomuruities ar walk comers or roafridges ame defined a3 discondmapns breaks in dhe strtze Bhems the inchudad dnterjer augle mreasues 177 degrees o7

[£

square feet (828 %, rae vame £f .3 may be motwracted from . ccepr
i i 12 :lai::qkmtzouml {38 3¢5 slope’ whare the valus of (-8 mxy be mbiractad frum & Intepolatien
53 @ mmd 9.9 md, For ciburary srez: greater tha 1,000 quare feer {32 5m=, use primary

Tae forces shak be aszned to ot parzlel o die wind disacricn

i of the sEucTIRe, wachaver it sngilar



APPENDIX F: Sectional Areas of Groups of Bars (mm?)

Saiz Ukur
Bar Bilangan Bar Lilit
(mm} : o {mm}
1 2 3 4 E 6 7 8
6 283 566 849 113 141 170 198 226| 189
8 50.3 101 151 201 251 302 352 402{ 25.1
10 786 157 236 314 393 4T 550 629| 314
12 13 226 339 453 s66 619 TR 305} 37.7
16 201 402 603 805 1006 1207 1408 1609| 50.3
20 114 629 943 1257 1571 1886 2200 2514 629
25 491 982 1473 1964 2455 2946 3438 3929 786
3 305 1609 2414 3218 4023 4827 5632 6437) [006
40 1357 2514  3TT1 5029 6286 7543 8800 10057} 1257

APPENDIX G: Sectional Areas Per Metre Width for various Bar Spacing (mm®)

Saiz
8ar Jarakantara Bar (mm}
{imm) : .
50 s 100 12% 150 175 200 s _ 300
6 566 377 283 226 189 162 141 113 64
8 1006 670 503 402 338 287 251 201 168
10 1571 1048 786 629 524 449 393 314 262
12 2263 1509 1131 505 754 647 566 453 kYA
16 4023 2682 - 2011 1609 1341 1149 1006 805 670
20 6286 4190 - 3143 2514 2095 1796 1571 1287 1048
25 oR21 6548 491k 1929 3274 2R06 2455 1964 1637
a2 16091 10728 3046 6437 5364 4508 4023 3218 2682
40 28143 16762  125T1 10057 8381 7184 6286 5029 4190
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APPENDIX H: Average Price of Building Materials for Peninsular Malaysia

Table 1. Avarage Price of Buiiding Matengls for Peninsular Malaysia (BMDAM)

N, Deecrpion unls Credit | Del of Ex| October 2000
Teim Seiangor |
1 |Cranary Portiana Camend (33 ki) pag &1 dal 1425
2 {Drdnary Portand Cament Jbalk} MT 6d o= FF5.00
3 |Granike Aggragats 247 MT 60 ax o123
4 |normal Peer Sand MT 30 5.8 28.00
5 |Fine Rwar Sand for Piasiefing T 2] ax 32.03
£ |Normal Mring Sand MT 2] ax 2e.0)
7 |Fine Mning Sand tor Plestenng MT 20 =14 32.00
e |11 Sod Round Bars - 10mm, M5146 MT iL] oat 2?enr
o |mid Ses Round Bars - 12mm, MS146 MT 14 del 297657
ic |mAid Siedl Round Bars - 16mm, MS146 MY 14 aal 251000
11 [raid Stedl Round Bars - 20mm, MS146 MT 14 del 204332
12 |muid Sieel Aound Barg - 22mm, MS146 MT 14 dal 204322
12 {ad Stoel Aound Gars - 26mm, MSH4E MT 14 gal 2143.32
14 |pAVD Slegt Round Bars - 32mm, M5146 KT 14 dal 224332
15 |High Tanslle Deforme) Bars - 0mm, M3 145 MT 14 dal 2667
16 {High Tansiie Daroma] Bars - 12mm, M5 146 MT 14 dal 2667
17 [High Terslle Dafomrmad Bars - 16mm, M5146 MT 14 dal 197667
18 |High Tansile Dafommad Bars - 20eam, MSE 146 MT 14 o 197667
18 [High Tenslle Dafomead Bars - 25mm, M5 4E KT 14 dal 137667
20 [High Tensile Darormad Bars - 32mm, M5 146 MT 14 v 2| 1 9FE6E7
ot |BRG Fabriz - A6, M2145 13 1] dsl 500
22 |BAC Fabrk: - AT, MS145 mt 2 aal TR2
22 |BAC Fabria- A2, MS145 it 0 dal a7
24 |BRAC Fabric- A9, M3145 m = a 12.59
25 |BAG Fabriz- A13, M5145 me 20 dal 1553
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Tabie 1. Average Piice of Bulldng Malerials fof Peninaular Malaysia (BMDAKY (Continue...;

Ho. Descripilon Lindt Gredly [Del or EX| Dotober 2009
Term Salangor
o5 |Peady M Conaale - Mormal M - Grags 10 m? = a2k 165.03
7 |Raady Mix Condrale - Mormal Mix - Grade 15 m 20 dal 191.03
28 |Ready Mix Concrate - Normal Wi - Grad2 20 e o0 o3 185,00
20 |Ready Mix Conorate - Normal Mix - Grade 25 m? 0 a2l 203,00
30 |Paady Mix Concrate - Normat Mb - Grade 30 m 21 dal 21223
3 |[Feady Mt Conorale - Normal Mbc- Grale 35 m? 20 del 22200
32 |Ready Mix Concrate - Mormal Mix- Grade 40 m’ 0 dal 2367
a2 |Clay Biick - Palls et ) et .7
34 |=mooih Fose Facing Brick, Rad pleca 2] dai ora
36 {Cameam Sard Brck - Palat Heca 60 dat G.20
36 jPrecast Concret2 Hollow Block SOMm X 190mm X THEDD 50 o2l 182
F30mm S 27 1936
47 |Plan Gypsum Pariion Board, 1.2mx 2.4mx 12mm shaet bt dal &.2a
thizk, Boralk Armairong
38 |Laminsled Gypsum Pariilon Board, 1.2mx 2.4m sheet - dal 40,23
12mm thick, Boralsrmstrong
39 {Corngatad Roonng Shwat - 76mm Doutie Wi, shiget 6l aal 2293
1055MIM X 2440mm = AIare {Huma' Makse Uas)
40 |Imeriocking Concrete Tles - Standard Dueotone Sokur plece 60 =l 152
iMonier Elabana)
41 184S Deching - Lysaghl Cizan Golorbond - Kiplok HE-Tan m 63 = 20,02
GEammTCT
47 8IS Decking - Lysaght Cleen Colorbond - Spandek H- e oy oA 52.03
Ten 0.EmmTCT
42 |1AS Deciing - Lysaghd Clean Golorbond - Trimdak Hi m 51 dal 527
Ton o 7mm TCT
44 {145 Decking - &)k AP Bib HkTenstlz 528, 9.40mm m 63 aal AL4T
TCT, Gledn Sdorbond {Commercials
45 |ms Decking - Allya AP RID Hi-Tenslia G26, 0.47mm me ] dal 4267
TCT, Clean Colorbond [Commwancialy

31!-:& ﬁLDam:Tms aserage prica 15 complled rom data suppliad
= Ma

. Ton of Tonna, M = Square Meina, m? «= Subic Melra,
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APPENDIX I: Building Material Cost Index by Category of Building and Region

Tatls 1. Buldng Malenial Cost Ind= by Cebagory of Bulkiing and Ragon iJu 2002 = 100)

F!agien
A B c u] E
Calegoly ol Buldng Perad
Kusis Lurupar,

r:fm Pornd; ié!:hnwc: Ihgn:‘ S Pairang

2} Hoksl Buikding Jan-1d 144 8 1407 4RO 145.2 1488
Feb-10 14610 1424 1481 145.9 150.2

Mar-10 1505 146.5 1528 1492 155.2

Apr-10 1528 1497 1561 154.1 158.6

May- 10 1545 1310 157.0 1551 151.8

Jure 10 150.2 147 .5 132.6 15).2 187 5

JU10 1493 1464 1322 18332 1562

Aug-10 1493 14640 1531 149.6 1883

sap-10 1484 1460 153341 149.6 1645

Ct-10 177 1443 151.5 148.2 16757

Ny-10 175 1427 1513 147.6 158.4

Dec-10 148.4 145.1 1527 1487 1698

|4} Otics Bulding Jan- 1 1500 1459 1532 151.3 152.%
Peb-10 1515 1481 1536 1528 1547

Mer-10 1569 1522 1561 157.0 1602

Apr-10 1512 13649 1634 1824 1647

Mty 43 15214 15832 154.1 1534 168.0

Jun-10 1562 1537 1585 157.2 161.2

Jui-1o 154.4 1520 1589 1577 1605

Aug-10 1549 1517 1505 155.4 1682.2

Sap-10 1549 37 13B.5 13%B.2 162.2

Cat-10 1327 1485 136.3 1544 161.2

MN&-10 1519 1429 1563 133.6 1618

Dac- 10 15328 1505 15B.G 135.1 t64.4

15 Commardial Bulding Jan-12 147 .8 144 5 150.8 1496 151.4

Sourcs of Dala: This indax ks compled fom data suppbed by Deparimend ol Siathtics, Malaysia.
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APPENDIX J: Example of ESTEEM software interface

Lsteem Structural Software &

BB rie Project Edt verfication Wal View Window Hep
DEE S« X Qaa@atx o -/p ol *% v =BE M Qs
REE 8 EEOTT B #He § oll =46 v
= o ! 5 e . e e 203 3 @ ™ °e A Concrels Dimension{mm)
¥ e s N - ' ! 8 il G i B | x [©00 @
M b | = I ] Jrea—
| ¥ 12 L » |-wn t
‘ & 11b ﬂ" - @ :
| ¥ 10b = ) Position
\ v ® ¢ ° ° Difset mm}: [0
v = -
7 Th s —
v &b - - . Rotation("; [B_
:‘: o Auto Oplimizat
¥ 3 =1 o _— I ¥ Dimension{mm]
v 2b a * 3 Increment: _l
= 1 al = ° Maimam: [ |
' gb - - i —
Column > i Flush: I |
wall © ° ™ % Dimension{mm)
Pad Footing ° ° Iw{_—j
= i (|
= - Flush:
Ma Stesl Percent{%) [60
° © Input Options:
) W Fit column to beam size
| - 2 ‘Window Inpul/Generale:
’ ™ Input at grid intersection
R = S 7 ' ¢ e A TR ¥ ¥ Overwite exst
[ trad | a0 - ¢ e s34 0 ° e 2 mu:nnﬂl
For Help, press F1

Figure J-1: Structural properties being assigned to the structure model

Esteem Structural Software 6.6.3 [3D Frame View]
D & eaeaqa - o 100% | = L v = RE D QFR
alx
[= T ma
| ead Load Live Lo i<l L oad e
I ¥ F:"'"J 1 14 16 0.0 o o o ]
| - 2 | Ciick fo View | 12 12 12 o o o o
| bl =% 3 4 15 1.2 o o o o
~ 11b
| ¥ 10b s
| ¥ oM % 2d snalwiRer BT Mjwo% ~ an
v b g 2 = e e i — S Y =% i1 - =
T 7% [Eeneri =1 - I F__ -
2 o = A - 2 Floors
| w7 Sb a e M 13b
| 7 - = kN 35626006 £
| v 3 Ny kN -1.137¢-005 & 11b
| M 2b Moy b 6515006 & 10b
# 1b B Node 506 & sb
i 2 b NrkN 9423006 M 86
Cokmn MydH  1.110e-006 M
i oSS = Moy JeN ::m &b
[ Pad Footing MukN 15806005 B s
Pis Fooling Ny kN  2.06%-006 M 4
| My kM -4521e-007 & 36
B Node 219 2b
} MiMN 9.65%-006 1b
My kN  3.200e-006 & gb
[ Syl | | 07000 & Elements
B node a166 M Column
| Mok 1.001e-005 Stab
NykN 42656006 =
Nry kN 2.390e-006 Beam
- —— - ] 4146 4 RC wal
) ma | P
ForHelp, pressFl

Figure J-2: Loads are being assigned to the structure model
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APPENDIX K: Example of ORION software interface

Orion Building Design System / Pr

D2E &= b &

v X5

J a

=+ Window Size: 805 / 544

General I Structure
= E Storeys

Storey: SI00
Storey: StO1
Storey: SHO2 [S103)
Storey: SI03
Storey: S04 [S107)
Storey: SHS (St07)
Storey: S106 [5107)
Storey: SHO7
Storey: S108 [S110)
Storey: S109 [S110)
Storey: ST10
Storey: S111 [S113)
Storey: St12 [S113)
Storey: St13
E3 Columns

&3 Shear Walls
|=1Beams

oject: fyptry2 - [Plan
Fle Edt WView Buidng Member Run Settings Window Help

» Orion

R el a4
* " * !?,Q!QD'! L !? :_1
a ’ s
& 1 [T |
@ =
& o ||_|J_!| I "
< e i . :

:, :
e - - :
= 1 1 H V1
s (L1 LI i
& oi E B @
(=] | | |
a "I %- IIJ]‘{ !_ bt
B " " i
2 e
s -
Jn@Eoejojse] «J _ | 3

£° 520000 mm GE mm, Ant kN-m xy $32647,-52510

Figure K-1: Plan view of structure model

Orion Building Design System / Pro

DeE 8A=0 6 &

+ e

=+ Window Size: 605 / 544

General l [ Structure
= E’ Storeys

Storey: 5100
Storey: St
Storey: St02 (St03)
Storey: SH03
Storey: St04 (S107)
Storey: 5105 [5t07)
Storey: St06 [St07)
Storey: SHO7
Storey. St08 [S110)
Storey: SHI3 (SHO]
Storey: 5110
Storey: St11 [S113)
Storey: 5112 [SN3]
Storey: 5113

£33 Columns

= Shear Walls
=1 8eams

>

g3 w/

R B -
n
5/}
@
Q
a
<
=
-
3 [
=
=
B
g. 4 = = S
=2 = = = = '
. L 3
<" 520000 mm GE mm, Ant khN-m =y

Figure K-2: Three dimensional rendered view of structure model

47



