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ABSTRACT

The study on comparative analysis and design of Reinforced Concrete Structures
using Application Software available in UTP is presented in the Final Year Project. A
Reinforced Concrete structure model, which is created with STAAD PRO and ROBOT
MILLENNIUM are analyzed. To verify the effectiveness of these software, the
Reinforced Concrete beams, columns and slabs are analyzed according to British
Standard (BS) 8110. During the progress stage of the research, a few reinforced
concrete structures examples have been analyzed and designed. These examples consist
of 2 dimensional and 3 dimensional frame structures. It is observed in the analysis that,
the operability and the result output has some slight difference. Geometrical and
material modeling plays an important role in determining the accuracy of the results in
the reinforced concrete analysis. The analysis result indicates that a study on local
behavior and effects must be carried out to ensure better result. Later, the research will
focus on the common results between the software, whereby certain degrees of
variations will be compared with manual calculations. Finally, discussion will be made

on the variations and recommendations will be suggested based on these analysis.
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1.1

CHAPTER 1
INTRODUCTION

BACKGROUND

In Malaysia, concrete plays an important role as building material in
construction works. Concrete is a strong durable material, which made up from
mixture of cement, sand, aggregates, and water with specific ratio standard can be
formed into varied shapes and sizes. Nowadays, there is a high demand in
construction development, and there is a need to accelerate the design process.
Therefore, design software is used to speed up the analysis, design, detailing of
structures in the design office. Precise methods of analysis of such as three-
dimensional structures can effectively only are carried out using these design
software. Thus, it can eliminate the tedious manual calculation works. However, the
flood of analysis and design software in the market has aroused the question of the

effectiveness in terms of analysis, design and detailing.

A lot of structural software is being used for design purposes in the market
nowadays. In UTP, there are a few structural and design software purchased for the
benefit of the structural engineering community in the university, However, up to
this moment the software have not been implemented in any structural courses yet.
It is important to verify the results o btained b efore it can be implemented in the
course. Many aspects must be considered from analysis to design points of view.
For this reason, some structural software in UTP will be analyzed thoroughly. It is

then verifted with manual calculation.




1.2

1.3

RESEARCH OBJECTIVE

The purpose of the research is to perform analysis and design of multiple
structures building according to British Standard (BS) 8110 using design software.
Throughout the research, the usage for the STAAD PRO and ROBOT
MILLENNIUM can be determined. This research will help to improve
understanding of the analysis and design of Concrete Building(s) and individual
elements, design processes, design philosophy, method and approach. From the
obtained results, the detailing ability embedded in these software can be identified

and compared.

SCOPE OF STUDY

This research involved numerical and theoretical analysis. These analysis are
based on load-deflection, load- strain and cracking behavior of the reinforced

concrete structure.

The scope of the studies can be divided into: the study of Reinforced Concrete
related to the research, the study of operation and usability and verification of
results from STAAD PRO and ROBOT MILLENNIUM design software. Results

obtained were then were analyzed and discussed.



CHAPTER 2
LITERATURE REVIEW

2.1 HISTORY OF REINFORCED CONCRETE

Concrete is a compound material made from sand, gravel and cement. The
cement is a mixture of various minerals which when mixed with water, hydrate and
rapidly become hard binding the sand and gravel into a solid mass. The oldest known
surviving concrete is to be found in the former Yugoslavia and was thought to have

been laid in 5,600 BC using red lime as the cement.

The first major concrete users were the Egyptians in around 2,500 BC and the
Romans from 300 BC. It is from the Roman words 'caementum’ meaning a rough stone
or chipping and 'concretus' meaning grown together or compounded, that we have

obtained the names for these two now common materials.!

In 1830, a publication entitled, "The Encyclopedia of Cottage, Farm and Village
Architecture” suggested that a lattice of iron rods could be embedded in concrete to
form a roof. Eighteen years later, a French lawyer created a sensation by building a boat
from a frame of iron rods covered by a fine concrete which he éxhibited at the Paris

Exhibition of 1855. Steel reinforced concrete was now born.?

It is not only fire resistance that is improved by the inclusion of steel in the
concrete matrix. Concrete, although excellent in compression, performs poorly when in
tension or flexure. By introducing a network of connected steel bars, the strength under
tension is dramatically increased allowing long, unsupported runs of concrete to be

produced. Concrete also protects the steel, both physically and chemically.



The Romans made many developments in concrete technology including the use
of lime and Pozzolana concretes were used for nearly two millennium before the next
major development occurred. In 1824 when Joseph Aspdin of Leeds took out a patent
for the manufacture of Portland cement, so named because of its close resemblance to
Portland stone. Aspdin's cement, made from a mixture of clay and limesione, which had
been crushed and fired in a kiln, was an immediate success. Although many
developments have since been made, the basic ingredients and processes of manufacture

are the same today.’

This history clearly describes the importance of Reinforced Concrete as a
building tool in construction material. Therefore, this fundamental process can be

identified for future development application.

2.2 DEVELOPMENT OF BRITISH STANDARD CODES

The design procedure done for this research is according to British Standard
(BS) Codes. For this reason, it is important to identify the guidelines information of this
Code. This part of BS 8110: Code of Practice for the Structural use of Concrete has
been prepared to replace CP110: Part 1:1972. This code covers the fields of CP110 and
encompasses the structural use of reinforced and prestressed concrete both cast in situ

and precast.

Although there are no major changes in principle from the previous edition, the
text has largely been rewritten with alterations in the order and arrangement of topics.
The redrafting and alterations have been made in the light of experience of the

practical convenience in using CP110. They have also been made to meet criticism of




engineers preferring the form of CP114. In this respect sections two to five have been
rewritten with shorter clauses, avoiding as much as possible lengthy paragraphs dealing
with the matters that could be broken down into separate subclauses, to make specific
references easier to understand. From this development, consideration had been given to

include the load factor method, which had been introduced into CP114 in 1957.°
BS 8110 is divided into 3 parts:

Part 1: Code of Practice for Design and Construction. This section covers the design
objectives and general recommendations, design and detailing for reinforced concrete
and prestressed concrete. This section also provides important information on concrete:
materials, specification and construction. Besides that, the specification and

workmanship were also explained thoroughly.

Part 2: Code of Practice for Special Circumstances. This Part gives guidance on
ultimate limit state calculations and the derivation of partial factors of safety,

serviceability calculations with emphasis on deflections under loading and on cracking

. Part 3: Design Charts for Singly Reinforced Beams, Doubly Reinforced and
Rectangular Columns. The design charts in this section have been prepared in
accordance with the assumption laid down in Part 1, with the intention that they may be

used as standard charts and avoid duplication of cffort by individual design offices.’

2.3 DESIGN SOFTWARE DEVELOPMENT

Since the research of this project is done on design software, it is important to
identify the background history of these design software. These software were written
by programming software called FORMULA TRANSLATOR (FORTRAN) and C++
Programming Language.



Software engineering revolution began since last 30 years ago. It all begins
when FORTRAN was invented. This wonderful first FORTRAN compiler was
designed and written from scratch in 1954-57 by an International Business Machine
(IBM) team lead by John W. Backus and staffed with super-programmers. However,
problems aroused because it was difficult to implement: they were more complicated
than traditional finite difference methods, and often the data structures involved are not

"easily represented in the traditional procedural programming environments used in

scientific computing.”

In order to solve this problem, a collection of libraries written in 2 mixture of
Fortran and C++ Programming L anguage were used, In this approach, the high-level
data abstractions are implemented in C++, while the bulk of the floating point work is
performed on rectangular arrays by Fortran routines. The design approach used here
is based on two ideas. The first is that the mathematical structure of the algorithm
domain specified above maps naturally into a combination of data structures and
operations on those data structures, which can be embodied in C++ classes. The second
is that the mathematical structure of the algorithms can be factored into a hierarchy of
abstractions, leading to an analogous factorization of the framework into reusable

components, or /ayers.

Object oriented techniques, and .C++ in particular, seem to be taking the
software world by storm. Nevertheless, it seems that C-++ itself is a major factor in this
latest phase of the software revolution. C++ is a programming language suitable for real
world projects that is also a more expressive software design language. This results in a

more robust design, in essence a better-engineered design.’



With the aid from design software, engineers can get through with analysis,
design, and detailing in the most convenient method. They are also pretty sure it can be
built using accepted construction techniques. Before such a design is actually built the
engineers do structural analysis; they build computer models and run simulations; they

build scale models and test them.

In short, the software can give designers to make sure the design is a good design

before it is built such as:

» Automatic calculation of all building dead loads from structural components.

» Automatic distribution of all uniform and/or concentrated slab loading onto
supporting membets.

« Automatic creation of necessary analysis models to perform complete building
design including automatic pattern loading in accordance with building codes.

» All clements can be designed together in an automated batch design mode.
Alternatively, you can interactively control the design of every element or
element group

e Layout plans

« All slab reinforcement layouts in plan and/or in section.

« All beam elevation drawings including all reinforcement detailing

+ Column Schedules and elevation drawings.

+ Complete summary of all anailysis output including lateral analysis summaries.

» Complete design calculations for all elements.

+ Generation of all material quantities.




2.4  DESCRIPTION ON TALL BUILDINGS STRUCTURE.
2.4.1 INTRODUCTION,

Since the research of this project will analyze the RC structures, it will design
the structure for tall building later on. Hence it is necessary to understand some criteria

in designing this structure.

For the structural engineer the major difference between low and tall buildings is
the influence of the wind forces on the behavior of the structural elements. Generally, a
tall building structure is one in which the horizontal loads are an important factor in the
structural design. In terms of lateral deflections a tall concrete building, which the
structure, sized for gravity loads only, will exceed the allowable sway due to
additionally applied lateral loads. This allowable drift is set by the code of practice. If
the combined horizontal and vertical loads cause excessive bending moments and shear

forces the structural system must be augmented by additional bracing elements.

The analysis of tall structures pertains to the determination of the influence of
applied loads on forces and deformations in the individual structural elements such as
beams, columns and walls. The design deals with the proportioning of these members.
For reinforced concrete structures this includes sizing the concrete as well as the steel in
an element. Structural analyses are commonly based on established energy principles
assume linear elastic behavior of the structural elements. Non-linear behavior of the
structure makes the problem extremely complex. It is very difficult to formulate, with

reasonable accuracy, the problems involving inelastic responses of building materials.

At present the forces in structural components and the lateral drift of tall

structures can be determined by means of elastic method of analysis regardless of the



method of design. Non-lincar methods of analysis for high-rise structures are not readily

available.’

2.4.2 DESIGN AND ANALYSIS CONSIDERATIONS.

As stated in of BS 8110; Part 1, clause 2.1, the aim of design is the achievement
of an acceptable probability that structures being designed will perform satisfactory
during t heir i ntended life. F or m ulti-storey structures the imposed floor loads canbe
substantially reduced in the design of columns, walls, beams and foundations. Details
are given in BS 6399: Part 1, clause 5. BS 8110 contains additional clauses for

structures consisting of five storey or more.

a) Ultimate limit state

1. Structural stability

Tall slender frames may buckle laterally due to loads that are much smaller than
predicted by buckling equations applied to isolated columns. Instability may occur for a
variety of reasons such as slenderness, excessive axis loads and deformations, cracks,
creep, shrinkage, temperature changes and rotation of foundations. Most of these are
ignored in a first-order analysis of tall structures but may cause lateral deflections that
are much larger than initially expected. The increased deformations can induce
substantial additional bending moments in axially loaded members. This will increase
the probability of buckling failure. In principle the instability of the multi-storey
building structure is no different from that of a low structure but because of the great
height of such buildings horizontal deflections must be computed with great accuracy.
The deflected shapes of individual structural members should be taken into account in

the final analysis of tall slender structures.



ii. Robustness

All structures should be capable of safely resisting a notional horizontal load
applied at each floor or roof level simultaneously. In the design of tall structures it will
also be necessary to identify key elements. These can be defined as important structural
members whose failure will result in an extended collapse of a large part of the

building.’

b) Serviceability limit state

Ideally the limit states of lateral deflection should be concerned with cases
where the side sway can

i, limit the use of the structure

ii. influence the behavior of non-load bearing elements

iii. affect the appearance of the structure

¢) Assumptions for analysis

The structural form of a building is inherently three-dimensional. The
development of efficient methods of analysis for tall structures is possible only if the
usual complex combination of many different types of structural members can be
reduced or simplified whilst still representing accurately the overall behavior of the
structure. A necessary first step is therefore the selection of an idealized structure that
includes only the significant structural elements with their dominant modes of behavior.
Achieving a simplified analysis of a large structure such as a tall building is based on

two major considerations:

10



i. the relative importance of individual members contributing to the solution

ii. the relative importance of modes of behavior of the entire structure

The user of a computer program is a simple plane frame or a general finite
element program, can usually assign any value to the properties of an element even if
these are inconsistent with the actual with the actual size of that member. Several
simplifying assumptions are necessary for the analysis of tall building structures subject

to lateral loading. The following are the most commonly accepted assumptions.

1. All concrete members behave linearly elastically and so loads and
displacements are proportional and the principle of superposition applies.
Because of its own weight the structure is subjected to a compressive
prestress and pure tension in individual members is not likely to occur;

2. Floor slabs are fully rigid in their own plane. Consequently, all vertical
members at any level are subject to the same components of translation and
rotation in the horizontal plane. This does not hold for very long narrow
buildings and for slabs which have their widths drastically reduced at one or
more locations;

3. Contribution from the out-of-plane stiffness of floor slabs and structural
bents can be neglected;

4. The individual torsional stiffness of beams, columns and planar walls can be
neglected;

5. Additional stiffness effects from masonry walls, fireproofing, cladding and
other non-structural elements can be neglected;

6. Deformation due to shear in slender structural members can be neglected;

7. Connections between structural elements in cast-in-situ buildings can be
taken as rigid;

8. Concrete structures are elastically stable.

11



One additional assumption that descrves special attention concerns the
calculation of the structural properties of a concrete member. The cross-sectional area
and flexural stiffness can be based on the gross concrete sections. This will give
acceptable results at service loads but leads to underestimation of the deflections at
yielding. In principle the bending stiffness of a structural member reflects the amount of
reinforcing steel and takes account of cracked sections, which cause variations in the
flexural stiffness along the length of the member. These complications, however, are

usually not taken into account in a first-order analysis.®

2.5  CRITERIA IN DESIGNING TALL BUILDINGS STRUCTURE.

2.5.1 INTRODUCTION

A building which height creates different conditions in the design, construction
and use than the conditions exist for common buildings of a certain region or period.
For the structural engineer; a tall building can be defined as one whose structural system
must be modified to make it sufficiently economical to resist lateral forces induce due to

wind and earthquakes within the prescribe criteria for:

a.) Strength and stability
b.) Drift

c.) Comfort of occupants
The progression of lateral load resisting schemes from elemental beam and

column assemblage towards the notion of an equivalent vertical cantilever is a

fundamental to any structural system methodology.

12



At one end of spectrum there are moment resisting frames, which are efficient
for buildings in the range of 20 to 30 stories; at the other end there is the generation of
tubular systems were placed with the idea that the application of any particular form is

economical only over a limited range of building heights.®

2.5.2 TALL BUILDINGS STRUCTURE CLASSIFICATION

The ¢ lassification o f tall buildings ¢ ould be based on certain engineering and
system criteria, which define both the physical as well as the design aspects of the
building:

a) Materials: steel, concrete, and composites

b) Gravity load resisting systems: floor framing (beam, slabs), columns,
trusses and foundations

¢) Lateral load resisting system: walls, frames, trusses diaphragms

d) Type and magnitude of lateral loads: wind, seismic

e) Strength and serviceability requirements: drift, acceleration, ductility

In 1984, a rigorous methodology for cataloguing of tall buildings with respect to
their structure systems has been developed. The classification involves four distinct
levels of framing oriented divisions:

a) Primary Framing System

b) Bracing Sub-System

c) Floor Framing

d) Configuration and Load Transier

13




2.5.3 FACTORS AFFECTING GROWTH, HEIGHT, AND STRUCTURAL
FORM OF TALL BUILDINGS

The feasibility and desirability of high-rise structures have always depended on:

a) the available materials
b) the level of construction technology

¢) the state of development of the services necessary for the use of the building
As a result significant advances have occurred from time to time with the advent
of a new material, construction facility, or form of service. The main reasons behind the

rapid growth of high-rise buildings were:

a) The socio-economic problems that followed industrialization development

b) Increasing demand for space in growing major cities

14



Development in the high-rise building design and construction is due to:

a) Different structural systems, which have gradually evolved for residential
and office buildings, reflecting their differing functional requirements.

b) Advancements in the major construction materials and other services.

¢) Advancement in construction machineries, methods and techniques,
patticularly pre-cast technology.

d) Development of 4" generation structural software and IT technology, etc.

2.6 STRUCTURAL DESIGN CRITERIA AND PHILOSOPHY

The structural design criteria for tall buildings define the following aspects,

which control the design:

a) Structural Loading
b) Structural Materials
¢) Structural System

2.6.1 STRUCTURAL LOADING

The term load refers to any effect that result in a need for some resistive efforts
on the part of the structure. There are many sources of loads and many ways in which
they can be classified. The principal kinds and sources of loads on building structures

are the following:
i) Gravity

ii) Wind
11i) Earthquake

15



iv)
v)

vi)

Hydraulic pressure
Soil pressure

Thermal Changes

vii) Shrinkage

viii} Vibration

ix)

X)

Internal Actions

Handling

2.6.2 STRUCTURAL MATERIALS

In studying or designing a structure, particular properties of materials are

concern. These critical properties may split into:

a)
b)

Essential structural properties

General properties

Essential structural properties include:

Strength

Deformation

Hardness

Fatigue resistance

Uniformity of physical structure

Creep, shrinkage, and temperature effects
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General properties are:

1)  Form

ii) Weight

iii)  Fire resistance

iv) Coefficient of thermal expansion
v)  Durability

vi) Workability

vil) Appearance

viil) Availability and cost

2.6.3 STRUCTURAL SYSTEMS

For selecting a structural systems and optimized design, following are the
necessary considerations.

a)  Strength and Stability

b)  Stiffness and Drift Limitations

¢) Human Comfort Criteria

a) Strength and Stability

For the ultimate limit state, prime design requirement is that the building
structure should have adequate strength to resist, and to remain stable under the worst
probable load actions that may occur during the lifetime of the building including the

period of construction.
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b) Stiffness and Drift Limitations

The provision of adequate stiffness, particular lateral stiffness, is the major
consideration in the design of tall building for several important reasons. In terms of
serviceability limit state:

i)  Deflection must be maintained at a sufficiently low level to allow the
proper functioning of non-structural components, such as elevators, doors,
ete.

ii) To avoid distress in the structure, to prevent excessive cracking and
consequent loss of stiffness, and to avoid any redistribution of load to non-
load-bearing partitions, infill, cladding or glazing.

iii) The structure must be sufficiently stiff to prevent dynamic motions to
becoming large enough to cause discomfort to occupants, prevent delicate

work being undertaken

One p arameter that can estimate the lateral stiffness ofa building is the drift
index, d efined as the ratio o f maximum deflection at the top o f building to the total
building height. The control of lateral deflections is particular importance for modern

buildings.

¢} Human Comfort Criteria

If a tall flexible structure is subjected to lateral or torsion deflections under the
action of wind loads, the resulting oscillatory movements can induce a wide range of
responses in the building occupants. It is generally agreed that acceleration is the

predominant parameter in determining human response to vibration, but other factors

18



such as period, amplitude, body orientation, visual and acoustic cues and even past

experience can be influential.®’

277  RIGID FRAME STRUCTURES
2.7.1 INTRODUCTION

Rigid frame high-rise structure comprises parallel arranged bents consisting of
columns and beams with moment resistant joints. R esistance to horizontal loading is

provided by the bending resistance of the columns, beams and joints.

2.7.1.1 RIGID FRAME BEHAVIOUR

The horizontal stiffness of a rigid frame is governed mainly by the bending
resistance of the beams, the columns, and the connections, and, in a tall frame, by the

axial rigidity of the columns.

The accumulated horizontal shear above any storey of a rigid frame is resisted

by shear in the columns of that storey as shown in Figure 2.1 below.

e ' = Points of
santraflexure

— z ";,.a—f:::ﬁ'*ShEdr in ‘columns
Sl ) -tl e
1 3~ Typical zolumn
e moment diagram
e —Typical beam
nomars diagran
e o
THAITYIT T 7 27Ty TS

Figure 2.1 Forces and Deformations caused by external shear
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The shear c auses by storey-height ¢ olumns to bend in d ouble c urvature, with
point of contraflexure at approximately mid span. These deformations of the columns
and beams allow raking of the frame and horizontal deflection in each storey. The
overall deflected shape of a rigid frame structure due to raking has a shear configuration
with concavity upwind, a maximum inclination near the base, and a minimum
inclination at the top. This mode of frame deflection is also called shear mode, and such

frames may be framed as shear frames.
The overall moment of the external horizontal shear is resisted in each storey

level by the couple resulting from the axial tensile and compressive forces in the

columns on opposite sides of the structure as shown in Figure 1.2.

N [77/‘“‘“'

I

}

¢

Extonsion

Sharten ing

i
3 &

N
o ]
b

.

——fps Lompressi-
frj

LA AL

1" y
Tansion ‘-_.‘,//“

LA A A A A A

Figure 2.2: Forces and Deformations caused by external moments

The external and shortening of columns cause overall bending and associated

displacements of the structure. The contribution of overall bending to the total drift,
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however, will usually not exceed 10% of that raking, except in very tall, slender rigid

frames. Therefore the overall deflected shape of a high-rise rigid frame usually has a

shear configuration.

2.7.2 ANALYSIS OF RIGID FRAME STRUCTURE

As highly redundant structures, rigid frames are designed initially on the basis of

approximate analysis, after that a detailed analysis and checks are made. The procedure

may typically include the following stages:

il.

iil.

iv.

Estimation of gravity load forces in beams and columns by approximate
method.

Preliminary estimate of member sizes based on gravity load forces with
arbitrary increase in sizes to allow for horizontal loading.

Approximate allocation of horizontal loading to bents and preliminary analysis
of member forces in bents.

Check on drift and adjustment of member sizes if necessary.

Check on strength of members for worst combination of gravity and horizontal

loading, and adjustment of member sizes if necessary.

. Computer analysis of total structure for more accurate check on member

strengths and drift, with further adjustment of sizes where required. This stage
may include the second-order P-A effects of gravity loading on the member

forces and drift.

vii. Detailed design of members and connections.
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2.7.2.1 APPROXIMATE DETERMINATION OF MEMBER FORCES CAUSED
BY GRAVITY LOADING

Since a rigid frame is highly redundant; consequently, an accurate analysis can
be made only after the member sizes are assigned. Initially therefore member sizes are
decided on the basts of approximate forces estimated either by conservative formulas or

by simplified method of analysis that are independent of member properties.

a) Determination of Beam Forces Using Code recommended Formulas

Code recommended formulas for determining the beam forces can be used upon

the following conditions:

i} These are applicable of two or more spans, when the longest span does not

exceed the shortest by more than 20%.

i) The uniformly distributed design live load does not exceed three times the
dead load.

2.7.2.2 APPROXIMATE ANALYSIS OF MEMBER FORCES CAUSED BY
HORIZONTAL LOADING

a) Allocation of Loading Between Bents

A first step in approximate analysis of a rigid frame is to estimate the allocation
of the external horizontal force to each bent. The loading will come from Wind
Analysis.
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b) Member Force Analysis by Portal Method

The portal method allows an approximate analysis for rigid frames without

having to specify member sizes and therefore, it is very useful for a preliminary analysis.

This method is most appropriate to rigid frames that deflect directly by raking.
Therefore, it is suitable for structure of moderate slenderness and height, and is

commonly recommended as useful structures up to 25 storeys height, and a height to

width ratio not greater than 4:1.

It is analogous between a set of single single-bay portal frames and a single

storey or multi-bay rigid frames as shown in Figure 2.3a and b.

(a)

lers axial force
in internal golumns

(Bl

Figure 2.3(a): Separate Portal Analogy (b) Separate Portal Superposed
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When each of the separate portals carries a share of the horizontal shear, tension
occurs in the windward columns and compression in the leeward columns. If these are

superposed to simulate the multi-bay frame, the axial forces of the interior columns are

eliminated.

The analysis is based on the following assumptions:

i. Horizontal loading on the frame causes double curvature bending of all the
columns and beams, with point of contraflexure at mid height of columns
and mid span of the beams.

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

proportion to the width of passageway each column support.

The method is used to analyze the whole frame, or just a portion of the frame at
a selected level, The analysis of the whole frame considers in turn the equilibrium of
separate frame modules, each module consisting of a joint with its column and beam
segments extending to the nearest points of contraflexure. The sequence of analyzing
the modules is from left to right, starting at the top and working down to the base.

The procedure for a whole frame analysis is as follows:

i. Draw a line diagram of the frame and indicate on it the horizontal shear at

each mid-story level.

ii. In each story allocate the shear to the columns in proportion to the aisle

widths they support, indicating the values on the diagram.

iii. Starting with the top-left module, compute the maximum moment just below

the joint from the product or the column shear and the half-storey height.
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iv. Find the girder-end moment just to the right of the joint from the equilibrium
of the column and girder moments at the joint. The moment at the other end

of the girder is of the same magnitude but corresponds to the opposite

curvature.

v. Evaluate the girder shear by dividing the girder end-moment by half the span.

vi. Consider next the equilibrium of the second joint, repeating steps iii to v to
find the maximum moment in the second column, and the moment and shear

in the second girder from the left.”

2.8 PROSPECT OF WIND-DRIVEN NATURAL VENTILATION IN TALL
BUILDINGS.

a) Wind Climate of Peninsular Malaysia

The mean surface winds over peninsular Malaysia are generally mild, with the
mean speed of about 1.5 m/s, and a maximum speed of less than 8 m/s. The main

direction is variable.?
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2.9  WIND ANALYSIS

Blowing wind tends to exert loads on buildings and other structures exposed to
the wind blowing. The amount of loads induced by wind loading depends on:

a. Wind Speed

b. Building Geometry and Configuration

c. Site Location and Topographical Condition

2.9.1 WIND SPEED
a) Basic Wind Speed (V)

According to BS 6399-2, 1997, a basic wind speed is the hourly, mean wind
speed at height of 10 m over completely flat terrain at sea level that would occur if the

roughness of the terrain was uniform everywhere.

b) Site Wind Speed (V})

The basic wind speed modified to account for the altitude of the site and the

direction of wind being considered.

¢) Effective (Design) Wind Speed (V)

The site wind speed modified to gust speed by taking account of the effective

height, the size of the building or structural elements.
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292 BACKGROUND

A moving mass of air has kinetic energy, the amount of this energy is directly

proportional to the square of the wind velocity:

KE =1 mV?
2
Where, KE, is the kinetic energy, m, is the wind mass, and V, is the wind velocity. This

kinetic energy translates into strain energy when it encounters a stationary object, such

as buildings, through deformations induced in that object.

BS Codes presented the following simplified procedure of wind analysis of building
structures. The design wind speed, Vy, is converted into dynamic pressure, g; at different

levels of a building as shown in figure below using the formula:

£ 1 h,/2 _
» F=]
ny/2 + holP
o —
I &
ﬂﬂ o ha/2 + ha/2
a .
WIND ) G &
ha/2 + hy/
= 3/ 4l
Figure 2.4: Wind Calculations on _'J_V =
a Multi-storey Frame ﬁ T T
i O —plg— Oz

q; = 0.613 V.2 o

Where:
g; = is dynamic pressure in KN/m?
V) = is basic wind speed of a given site in m/s
V; = is design wind speed in m/s
Where:
Vs =515:8;Vy
Where, S:5,S3 are given in the table

|
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wind velocities and pressures

BASIC WIND SPELD (nvs)

Characteristic wind prossure |
" e Relation between

design wind specd V,

) where: and characieristic
¥, design wind speed in m/s wind pressure wy
= V5,5,5, -
. . . i '
v basic wind speed in m/s (mjs) (N/m?}
" {read from adjoining map) —————
5 multiplying factor relating 1o :g :Eli
1opology 14 120
§, wultiplying factor relating to height 16 157
above graund and wind braking 1% 199
0 245
5, muliiplying factor related o life of »n 207
structure 4 353
26 414
2 48]
k1) 552
1n 028
M i
36 94
k1 &85
40 981
42 1WEO
H“ 1%
46 1300
48 1450
50 1530
52 1660
5 1750
56 1520
Values of factor S, Vuluesol factor 5, 3: ;g?g
S, may generally always be tuken as unity 8y isa probability factor relating the likelihwod of Lhe « 2360
_except in the following cases: dusign wind speed bringexceeded to the probable life o 7510
~On siles adversely uffected by very cxposed of the structure, A vadueof unity is recommended lor b 2670
hill stopes and crests where wind general useamd corresponds 1o an excessive speed f:t; 2530
, acceleration is known 10 occur: 8, = 1.1 oceurring oncein [fty years. 0 000
Ou sites in enaclosed steep-sided valleys
compleiely sheltered from winds: S =09
Yalues of loctors S,
Tupo- Height of struclure & (i)
Structure graphical -
Factur 5 W las 2o ffan |50l 60 s |w0] 120|140 | 160 | 180 | 200
Cladding eic. 1 CEE] 400 [ 1031106 [ 1 | LIZ{ LM | LIS| L% [ L2002270.24 | 125 ¢ )26 | 827
2 0291093 {100 { LO3 | 107 [ LIO LR [ A4 17 p A9 [ L20] 122 11,24 [ 1.25 1 .26
3 0.70{0.78 {0.88 {095 { 141 [ 1.05|1.08 [ 110 | 113 | 16 | 118 | .20 | £.21 [ 1.23 { §.24
4 060 0671074 10,79 090 |0.97 | 102 | £:05 | .10 [ 113 (LIS [ LI7 | 1911201 1.2
. I o83 (095 o0 | Lo {Les ok Lt R | RS Darae s fie 23
sd 2 0.7 [oxs | oss oo [ Lod [ teafuog Lo Rle g L[ L3 P2 L
=g * 50m
&g 3 065|074 108310501097 [ 101 frod 106 130 [ L2 LIS LT LIS L0 |2
8§ 4 0.55]0.62 | 0.69 [0.75{0.85 092098 [ 102 1107 LIO]LI3 [ LIS |17 |19 | 1.2
o
£93 Rl Puisit
Egu
EE.E 1 0.78 1090 [0.94 [096]1.00] 103|106 | 108 [ 1T [ 1LI3 | LIS | LI7 1.20 [ 1.21
SE® > $0m 2 0.70 10.83 [ 091 [0.94 [0.98 | .ot | 104 [108 | 109|112 104 115 119|121
gg 3 060|069 1078 |5 {092 1096 1100 5825106 | 109001 )LD S[117 (L8
4 0.50 [ 0.58 } 0.64 [0.70 | 6.7910.89 [ 0.94 | 0.98 | 1.03 | 1.07 |1 i.52 1.16 | LIB
Notes i Topographival factors

A it height (in metres) ubuve general level of wersin to lop of
. Sructurs of purt ol structore. beerei 10 te psde lor siractures
* ow edge of clill or steep hill,

. upen countfy with ho obstructions
. apen counlry with seativred wind-breaks
. country with many wind-breaks: sl towns; suburbs of large cities
. city ventres and oher enviconments with Lirge and
[reptient obstrugtions,

B Pt -

Figure 2.5: Wind velocities tables
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CHAPTER 3
METHODOLOGY

Throughout the project, these steps have be taken to ensure the completion of tasks:

1. Following the examples for each software program to ensure the appropriate

ways to operate with the software.

2. Extending the knowledge from Step 1 to solve simple problem. Each problem

will give more understanding on how the analysis and design is achieved.
3. Verifying the results obtained from simple structure.
4. Using the software to solve multiple Reinforced Concrete structure problems.
5. Analyzing the results from multiple structures.

6. Discussion and recommendation will be made according to the results.
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3.1  THE DESIGN PROCESS

Design in any field is a logical creative process, which requires a wide variety of
skills. As a complete process, structural engineering design can be divided into three

main stages:

a. Conceptual design
b. Preliminary analysis and design

¢. Detailed analysis and design

The first stage consists of the drawing up the structural schemes, which are safe,
buildable, economical and robust. The second stage consists of performing preliminary
calculations to determine if the proposed structural schemes are feasible. Rules of
thumb are used to determine preliminary sizes for the various members and
approximate methods used to check these sizes and to estimate the quantities of
reinforcement required. In the third stage, the adequacy of the preliminary member sizes

is verified and the quantities of reinforcement calculated accurately.'’

Following completion of these stages, drawings and specifications are prepared

for the construction of the chosen structure.
3.2 ANALYSIS OF FRAMES (MANUAL CALCULATION)

Most concrete buildings contain a structure of beams and columns which, when
rigidly connected, make up a continuous frame. The framework of this building

concealed behind wall panels which protect the occupants of the building from the

external environment.
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The analysis of a complete three-dimensional frame can be carried out by hand
or by computer using any appropriate method such as the stiffness method. However,
the, mathematical complexity of the solution process generally makes it unfeasible to
analyze a complete three-dimensional structure by hand. Even when analyzing by

computer, the solution may become unduly complex.

One particular aspect of analysis which makes it as yet impractical to design a
complete three-dimensional structure is the need to consider all possible arrangements
of load. In theory, every possible combination of permanent, variable and wind loading
must be considered to determine the critical load effects in each member. The greater
the number of members in the frame, the greater the number of possible combinations
of applied load. For this reason, certain assumptions and simplifications are commonly

made before the structure is analyzed.

In order to overcome the complexity, of considering the full multi-storey
skeletal structure and to facilitate frame with smaller, two-dimensional sub-frames. This
substantially reduces the total number of load cases which must be considered for each
sub-frame and simplifies the process of describing the structural model to the computer.
The precise method of simplification depends on whether or not the original frame is
braced against horizontal loads. A frame which is braced against horizontal loads using

substantial bracing members is termed as non-sway frame.

Owing to the presence of such stiff bracing members, there is little or no lateral
deflection in non-sway frame. For this reason, such a frame is designed to resist only
the applied vertical loads. A frame that undergoes significant horizontal deflection
under applied horizontal loads especially wind load is known as a sway frame. Sway

frames must be designed to resist both vertical and horizontal loads."
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3.2.1 ANALYSIS OF NON-SWAY FRAMES

The first simplification which can be made is to assume that, in the E-W
direction, the frame can be represented by three two-dimensional non-sway frames.
Note that the vertical loadings for the two outer plan frames are the same and hence

only one need to be analyzed. The central plan frame carries a greater vertical load since

Roof g
L

it supports a greater floor area.

3.6m D 1 H
Floor 6
36m] | © G
Floor 1
B F
4.4m

o
sl

Figure 3.1: Two dimensional Sub-frame

The plane frame can be readily be analyzed by computer for each possible
arrangement of load. However, two alternative methods are available for further

simplifying the plane frame to facilitate a hand solution.

The first of these methods is to divide the plane frame into a set of sub-frames,
each of which is analyzed separately. Each sub-frame is made up of the beams at one
level together with the columns connected to these beams. The plane frame can be
divided into the three sub-frames below. The columns meeting the beams are assumed

to be fixed at their ends.’
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These sub-frames can readily be analyzed by hand using the moment
distribution method to give the moments, shears, etc., in both beams and the columns.

(a)

3.6m H L
/S /é S/ /% S A
+— i —p
(c)
Y4 Ll LS
3.6m 4 G K
Y
4 F
4.4m

Sl Igd TZT
A 6m E  6m I

®)
{ 4 P4 L2l
3.6m D H L
A 4
3.6mA c G
b s A

Figure 3.2: Sub-frames for the frame of Figure :(a)top; (b) middle; (c) boitom

DL

Slab finishes = 0.5 x 1.7 KN/m? x 3m

Wall Load

Beam Self-Weight = 0.2m x 0.45m x 24 KN/m®

Total

LL

Imposed = 0.5 x 3 KN/m® x 3m

Ultimate Load

W=14DL+1.6LL
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2.55 KN/m
15.12 KN/m

2.16 KN/m
19.83 KN/m

4.5 KN/m

=34.96 KN/m




3.2.1.1 CRITICAL LOADING ARRANGEMENT

For analysis of continuous beam and/or slabs, load is arranged in different manners of

load patterns, in order to get the most unfavorable response of the structure. Typical

load patterns are shown as:

1.4DL. + 1.6L.1.
1001,

FT T T lev iy
AN AN 4o

LOAD PATTERN-1

.40 » 3 8L
100

P T
AN 4

+
FAY

LOAD PATTERN-2

1.4DL + 1.6LL

uu“{\luug

)

LOAD PATTERN-3

Figure 3.3: Load Pattern Arrangement
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3.2.2 ANALYSIS OF SWAY FRAMES

Wind Analvsis

Figure 3.4 : Plan view of single floor

q=0.613Vs
Vs = $18283Vb

51=83=1

Vs =S2(8mvs)

12m
Height =

12m

Figure 3.4

3.6m each floor

Vb = 8 my/s (maximum wind velocity in Malaysia)

Table 3.1: Wind Load acting on each floor at different height

hi{m) S2 Vs(m/s) : gl(N/m*) | ql(EN/m?) | Point Load(KN)
44.00 0.950 7.60 3541 0.0354 0.191
40.40 0.941 7.53 34.74 0.0347 0.375
36.80 0.919 7.35 33.13 0.0331 0.358
33.20 0.890 7.12 31.08 0.0311 0.336
29.60 | 0.861 6.89 29.08 0.0291 0.314
26.00 0.828 6.62 26.90 0.0269 0.290
2240 0.792 6.34 24.61 0.0246 0.266
18.80 0.756 6.05 2242 0.0224 0.242
15.20 0.714 5.71 20.00 0.0200 0.216
11.60 0.668 5.34 17.51 0.0175 0.189
8.00 0.617 4.94 14.94 0.0149 0.161
4.40 0.567 4.54 12.61 0.0126 0.151
‘Wind load per floor:

At typical levels gl x3.0x 3.6
Atthe roof level g1 x3.0x 1.8
At the ground level q1 x 3.0 x (1.8+2.2)

Shear in the top story = 0.191KN
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3.2.2.1 LATERAIL FORCE CALCULATION

‘Wind | !Extemal | | |

: v | ! s Flaor i
‘Load (KN);  'Shear (KN) % Floor
R o0

A
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3.2.2.2 METHODS OF CALCULATIONS

Distributing this shear between the top-story columns in proportion to the widths of
aisle supported:

For column A; 0.191 x 3/12 = 0.048 KN
For column B: 0.191(3 + 3)/12 = 0.096 KN
For columnn C: 0,191 x 3/12 =0.048 KN

The shear in columns of respective stories is allocated.
Moment at top of column = column shear x half-story height

=0.048 x 1.8 = 0.0864 KNm

From moment equilibrium of the joint, the moment at left end of first girder
= -0.0864 KNm

Shear in girder = girder-end moment/haif girder length
= (.0864/3 = 0.029KN

Because of the mid-length point of contra flexure, the moment at the right end of the

girder has the same value as at the left end. Similarly, the column moments at the top

and bottom of a story are equal. The sign convention for numerical values of the

bending m oment is that an anticlockwise moment appliedby a jointtotheendof a

member is taken as positive.

Moment at top of column = column shear x half-story height

=0.096x 1.8=0.173 KNm
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From moment equilibrium of the joint, the moment at left end of second girder
=-(0.173-0.0864)= -0.0864 KNm
Shear in second girder = girder moment/half girder length

= 0.0864/3 = 0.029KN
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CHAPTER 4

RESULTS AND DISCUSSION

4.1  COMPARISON: SOFTWARE RESULTS TO THEORETICAL RESULTS

Roof

3.6m| |

3.6m

44m

\

i1
Floor 6

G

%@é

Floor 1
/ééE

6m 6m

-

Figure 4.1: Two dimensional Sub-frame

FLOOR 1 BEAMS
MEMBER BF
Table 4.1: Reaction and Moment results for floor 1 beam BF
Ttem Position _Theoretical ;| Staad Pro | (% Robet %
Reaction {KN) At left-hand support 10834 102.23 56 - -
At right-hand support 10325 10754 | 42 | -10848 | 5.1
Moment (KNm) At lefi-hand support 96.47 9226 | 4.4 - -
At right-hand support 90.58 10820 | 195 | 109.03 | 224
MEMBER FJ
Table 4.2: Reaction and Moment results for floor 1 beam FJ
_ Item Position Theoretical | Staad Pro | (% Robot %
[Reaction (KN} ' | At lefi-hand support 10651 | 10592 | 08 . -
At right-hand support -108.34 10385 | 41 | -10560 | 2.5 |
Moment (KNm} At left-hand support 83.40 103.55 242 104.05 248
At right-hand support 103.65 9732 6.1 - -
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FLOOR 1 COLUMNS (4.4m)

Table 4.3: Moment results for floor 1 columns

Member | Theoretical | StaadPro | (% Robot %
AB -45.40 -34.03 250 -37.96 16.4
BC 54.66 57.87 5.9 56.86 4.0

i) -45.40 -36.38 19.9 -39.69 19.9
K 34.66 60,94 1L.5 59.70 9.2

FLOOR 6 BEAMS

MEMBER CG
Table 4.4: Reaction and Moment results for floor 6 beam CG
Item Pogition Theoretical | Staad Pro Ya Robot %
Flgor %

Reaction {(KN) At left-hand suppori 109.53 99.80 89 - -
At right-hand support -104.53 -109.97 5.2 -100.57 4.8

Moment (KNm) At lefi-hand support 66.83 70.83 6.0 - -
At right-hand support 59.81 10133 | 694 | 10271 | 717

! Indicates calculation from subframe with 3.6m height, whereas the software generate the exact floor 6

tevel.
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MEMBER GK

Table 4.5: Reaction and Moment results for floor 6 beam GK

Item Pogition | Theoretical | Staad Pro | {% Rebei %
B Typical
Floor
Reaction (KN) At lefi-hand support 105.23 10878 | 34 10556 | 03
At right-hand support -109.53 -101.00 7.8 - -
Moament (KNm) At left-hand support 59.81 98.27 64.3 99.04 65.6
At right-hand support 66.83 7493 12.1 - -
FLOOR 6 COLUMNS
Table 4.6: Moment results for floor 6 columns
Member | Theoretical | Staad Pro Robot %
BC -33.42 -32.44 29 -32.10 39
cD 33.42 38.38 14.8 3825 14.5
JK -33.42 -34.69 18 -34.79 41
KL 33.42 40.24 20.4 40,58 21.4
ROOF BEAMS
MEMBER DH
Table 4.7: Reaction and Moment results for floor 12 beam DH
_ _Item ' _Position Theoretica! | Staad Pro Rebot (%)
- Reaction (KN} { Cantilever support 6.59 6.59 0 6.66 1.1
At lefi-hand support 20.34 28.87 41.9 29.00 426
At right-hand support -19.80 -10.69 46.0 - -
Moment (KNm) Cantilever support 0.55 3.30 83.3 3.33 8§42
At lefi-hand support 8.43 35.04 75.9 3515 76.0
At right-hand support 8.1¢6 -19.50 58.1 - -
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MEMBER HL

Table 4.8: Reaction and Moment results for floor 12 beam HL

item

Position heoretical | Staad Pro | (% Robot %
Reaction (KN) At lefi-hand support 19.74 10.63 46.1 - -
At right-hand support -20.34 -28.94 423 | -29.08 43.0
Cantilever support 6.59 6.59 0 6.66 1.1
Moment (KNm) At lefi-hand support 8.16 -19.66 58.5 - -
At night-hand support 8.43 3526 76.1 3542 784
Cantilever support 0.55 3.30 83.3 333 84.2
ROOF COLUMNS
Table 4.9: Moment results for floor 12 columns
ember Theoretical | Staad Pro | (%) Robot %
CDh -8.43 -31.74 73.4 -38.55 78.1
KL 843 -31.97 734 -38.72 782
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4.2

COMPARISON: SOFTWARE DETAILING RESULTS

FLOOR 1 BEAMS
Table 4.10: Reinforcement details for floor 1 beams
Layers Pogition
Source TopEnd | Bottom Top Middle Bottom | Top End
End End
Left Right Left Center Right Right Right
Staad Pro 2720 2T16 2T20 3T20 2T20 2Ti6 2T20
Robot 2T12+ 2T1e 2T20 2T20+ 2T20 2Ti6 2720
Millennium 2T12 278
FLOOR 6 BEAMS
Table 4.11: Reinforcement details for floor 6 beams
Layers Position
Source Top End | Bottom Top Middle Bottom | Top End
End End
Left Right Left | Center | Right | Right Right
Staad Pro 2T20 4T12 2T20 3T20 2720 4T12 2720
Robot 3T12+ 3Ti2 3T12+ 3T12+ 3Ti2+ 3T12 3T12+
Millennium 1TI2 2T8 2T12 2718 ITi2
FLOOR 12 BEAMS
Table 4.12: Remforcement details for floor 12 beams
Layers Position
Source ‘Top End | Bottom Top Middle Bottom | Top End
End End
Left Right Left | Center | Right Right Right
Staad Pro 2T12
Robet ¢ 2T16t+ 2T16 2T8 - 2T8 2T16 2116+
Millennium 2T16 2T16
COLUMNS
Table 4.13: Reinforcement details for columns with different sizes
Size
Source 250mmx250mm | 350mmx250mm | 400mmx400mm
Staad Pro 8T16
Robot 8T12 6T12 6T12
Millennium
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4.3

STAAD PRO

DETAILING BEHAVIOR: LOAD INCREMENT ANALYSIS ON BEAM

Table 4.14: Reinforcement details under different live load imposed using Staad Pro

Lavers Position
Live Top Bottom End Top Middle Bottom End | Top End
Load End
{KN/m)
Left Left Left Center Right Right Right
4.50 " 2T20 2T16 2720 3T20 2720 2716 2T20
6.00 3720 2T16 2T20 3T20 2T20 2T16 3T20
7.50 3T20 2716 2T20 3T20 2T20 2T16 3720
9.00 3T20 | 2T124+2T12 | 2T20 3T20 2T20 | 2T12+2T12 3T20
10.50 3T20 | 2T1242T12 | 2T20 3T20 2T20 | 2T12+2T12 3T20
12.00 - 2T32 3T16 2T32 2T32 2T32 3T16 2732
13.50 2732 3T16 2T32 2T32 2T32 3Ti6 2732
ROBOT MILLENNIUM
Table 4.15: Reinforcement details under different live load imposed using Robot
Millennium
Lavers Position
Live Load | TopEnd | Bottom Top Middle Bottom | Top End
(KN/m) End End
' Left Left Left Center Right Right Right
-4.50 2T12+ 2716 2720 2T20+ 2T20 2T16 27120
. 2T12 2T8 .
6.00 3T12+ 3T12 3IT12+ 3T12+ 3T12+ 3T12 3T12+
2T12 218 3T12 2T8 3T12
7.50 2T20 2T12 2T16+ 2T16+ 2T16+ 2T12 2T16+
278 2716 2T8 2T16 -
'9.00 2T20 2T12 2T16+ 2T16+ 2T16+ 2T12 2T16+
278 2T16 278 2T16
10.50 3T12+ 3T12 3T16+ 3T20 3Tl6+ 3T12 3T16+
3T12 2T8 2T8 1T16
12.00 3T12+ 3Ti2 3T16+ 3T20 3Tl6+ 3T12 3Tl6+
3T12 2T8 2T8 1T16
13,50 3T16+ 3T12 3T20+ 3120 3T20+ 3T12 3T20
1T16 2T8 278
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44  DISCUSSION

According to the analysis and design done using Staad Pro, Robot Millennium
and manual calculations, there are various different values obtained. It is clearly
observed that the results from manual ¢ alculations gave a higher value in terms of

analysis.

These structural software produced slightly different results, because of
different assumptions, specifications, different safety factors and analysis. Staad Pro
used matrix displacement method, while Robot Millennium used iterative solver
application (Gauss elimination) to avoid factorization of a large-scale matrix. Matrix
displacement method used few matrix combinations to obtain the values. The Gauss
elimination. wil.l solve simultaneous linear equations and simplifying the numerical

values.

In the analysis results, the software gave smaller values because the results
were analyzed in three-dimensional model while manual calculations only can be
done in two-dimensional model. This aspect is very important in the sense that the
three-dimensional model allow the beam and column connection joints resist more
loads due to the many load distribution to other members. However, in the case of
two-dimensional model, fewer members only resisting the loads imposed and can be

done by sub-frame calculations. Thus, it will lead to a much higher values.

From Table 4.1 and Table 4.2, the reaction results gave a very small difference
up to 5.6%. The interior moment results gave up to 25% compared with the exterior
with only up to 6.1%. This because the interior beam is stressed by members from
many directions: upward, downward, leftward and rightward. These effects also affect

the columns moment from Table 4.3, showing that longer span gave higher values.
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According to Table 4.4 and Table 4.5, the theoretical results in reaction and
moment gave smaller values compare with the software results. These theoretical
values is determined using sub-frame calculations and without any influence from the
upper and lower floors. Table 4.6 shows that the moments from theoretical results are
constant, which is relatively not a precise method to obtain the actual results

compared with the software.

Furthermore, manual calculations are done only in two-dimensional model by
considering the gravity and lateral load only. This because the three-dimensional
model using manual calculations are very complicated. The manual calculation using
the most conservative way by always considering the larger values and is not the most
accurate w ay to d etermine the analysis and d esign o f s tructure. By c onsidering the
higher result values will lead to a larger size of bars in detailing, thus increase the
cqnstru‘cﬁon cost. Therefore, the design software used to save the time used in

designing of structure and also helping in determine the effective construction cost.

The Tables 4.7 to Table 4.9 show that the difference from 40% to 80% in
terms of reaction and moment. These values were affected by column sizes and
connections between them. The column sizes are more dominant at the upper floor,
thus leading to a very huge difference. However, both of these software gave

approximately similar values.

According to the détailing results, Staad Pro has provided higher bars for
beams used in floor 1 (Table 4.10) and 6 (Table 4.11) compared with Robot
Millennium. In floor 1 the top center gave 3 T20 (942mm?) c ompared 2 T20 + 2 T8
(729mm2). In floor 6 the top center gave 3T20 (942mm?) compared 3T12 + 2T12
(565mﬁ12). However, in the floor 12 (Table 4.12), Robot Millennium gave higher bars

used especially at the cantilever portion.
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The detailing figures show that Staad Pro split the bars into few parts and not
continuous to the end. It shows only the important bars and symmetrically distributed.
As for columns from Table 4.13, Staad Pro provides a continuous bar of 8T16 from
larger size towards the smaller sizes. The reason is to reduce less tensioning of bars
especially at the connection of bars with different sizes of column. Robot Millennium
has given exact values to be used which is not practical for construction purposes and

need adjustments.

In terms of load increment analysis done on a single beam, it is clearly showed
difference of bars used with a gradually increment in live loads for each 3.0 KN/m
increment (Table 4.14 and Table 4.15). From this behavior, is showed that Staad Pro
gave larger bars used compared with Robot Millennium. According to Table 4.14,
Staad Pro has provided higher bars for beams. In the top center layers gave 3T20
(942mm?) compared 2T20 + 2T8 (729mm?) under live load 4.5 KN/m. The live load
1s increased 1.5 KN/m gradually until 13.5 KN/m.

The difference used in Staad Pro (Table 4.14) is relatively constant increment
and symmetrical. However, Robot Millennium gave different approach by selecting
the most precise method, by using different bars at different layers (Table 4.15), thus
making risky and need further adjustment before issued to site construction.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

As a conclusion, both of the software: STAAD PRO and Robot Millennium
have some difference of output in terms of results. Throughout the research, the usage
for the STAAD PRO and ROBOT MILLENNIUM has been determined. From the
obtained results, the detailing ability and effectiveness of analysis embedded in these
software has been identified. These software design can eliminate the tedious manual
calculation works and also help the design engineer to appreciate the capability of the

software design.

In terms of analysis, the software gave smaller values in terms of shear force
and bending moment when compared with theoretical calculations. Small differences
have been found from floor 1 and floor 6. The huge difference at top floor is affected by
higher values because column sizes are more dominant. The joint connections between

beam and column are supported by lower columns only.

In terms of detailing and load increment analysis effects, Staad Pro gave larger
bars used compared with Robot Millennium. Staad Pro detailing gave more
adjustment in terms of safety and easy during installation on site. Robot Millennium
using the precise method in detailing can gave the designer of the minimum
requirement of steel to be used. Both of these software in detailing output need to be
adjusted before it is issued to site. T hese results affect the cost reduction; improve

safety procedures, and ease of installations on site.
As a recommendation for future work, the research can be continued on

improving the calculation to detailing results. This research can determine the

procedure of transferring the calculations into detailing AutoCAD software.
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SPAN B-F-J
Stiffnesses, k
Beam

I=bd® =0.2x045°=1.52x10" m*
12 12

Spans BF and JF

kar=kr=1.52% 107 =0.253 x 10° m*
6.0

kg = k= 1.52x 107 =0253x 107 m*
6.0

Columns

I=bd’ =04x04°=213x10"m*
12 12

Upper

i=213x107=0593x10° m*
3.6 :

Lower

k =213x10°=0.485x 10> m*
4.4

ko+ k. =(0.593 + 0.485) x 10° =1.08 x 10> m*

Distribution Factors
Joints B and J

Yk=0.25+1.08 =133

D.F.BF = DFJF
=0.25/1.33=0.19

D.F.cors = 1.08/1.33 = 0.81



Joint F
Yk=025+025+1.08=1.58

D.F.FB = D.F.FJ
=(0.25/1.58=10.16

D-F-COLS =1.08/1.58 =0.68

Fixed End Moment (F.E.M.)
For 1.4DL + 1.6LL

Mgr=Mr = WL?/ 12 = 34.96(6)* / 12 = 104.89 KNm
Mg = Mg = -WL?/ 12 = -34.96(6)* / 12 = -104.89 KNm
For 1.0DL

Mgr= Myr = WL2/ 12 = 19.83(6)* / 12 = 59.49 KNm
Mg = Mgy =-WL? /12 =-19.83(6)* / 12 =-59.49 KNm
First Loading Case

Shear Vgr = Load — (Mgg ~ Mgg)

2 L
= 209.76 — (-96.79 + 86.99)
2 6
=106.51 KN

Shear Vig = Load - Vi
=209.76 — 106.51
=103.25 KN

Maximum Moment, span BF = X_B_F_g + Mgr
2w
= 106.51> ~96.79
2x34.96
= 65.46 KNm




Distance from B, a; = Vpr
W
=106.51/34.96
=3.05m

Second [oading Case

Shear Vg = Load — (Mpr - Mrp)
2 L

= 118.98 — (-60.01 + 37.27)
2 6
=63.28 KN

Shear Veg = Load - Vgr
=118.98 - 63.28
= 55.70 KN

Maximum Moment, span BF = XEZ + Mgr
2w

= 63.28% —60.01
2x 19.83
= 40.96 KNm

Distance from B, a; = Vgr
W
= 63.28/19.83
=3.19m

Third Loading Case

Shear VBF = Load — (MBE - MEB).
2 L

= 209.76 — (-100.06 + 79.29)
2 6
=108.34 KN




Shear VFB =Load - VBF
=209.76 — 108.34
=101.42 KN

Maximum Moment, span BF == Kgg + Mgr

2w

= 108.34* —100.06

2x34.96
=67.81 KNm

Distance from B, a; = Vpr
w
=108.34/34.96
=3.10m

First Loading Arrangement
Column Moment

Mpc =96.79 x 0.59 = 52.88 KNm
1.08

Mpa =96.79 x .49 =43.91 KNm
1.08

Mrg = 124.26 x 0.59 = 67.88 KNm
1.08

Second Loading Arrangement
Column Moment

Mpc = 60.01 x 0.59 =32.78 KNm
- 1.08

Mpa =60.01 x 0.49 =27.23 KNm
1.08

Mg = 124.26 x 0.59 = 67.88 KNm
1.08

Mre=124.26 x 0.49 = 56.38 KNm
1.08

Mjx =60.01 x 0.59=32.78 KNm
1.08

M);=60.01 x 0.49 = 27.23 KNm
1.08

Mpg = 124.26 x 0.49 = 56.38 KNm
1.08

Mk = 96.79 x 0.59 = 52.88 KNm
1.08

M;=96.79 x 0.49 = 43.9] KNm
1.08




Third Loading Arrangement
Column Moment

Mg =100.06 x 0.59 = 54.66 KNm
1.08

Mg = 100.06 x 0.49 = 45.40 KNm
1.08

Mpg =158.58 x 0.59 = 86.63 KNm
1.08

Mpe = 158.58 x 0.49 =71.95 KNm
1.08

Mk =100.06 x 0.59 = 54.66 KNm
1.08

My =100.06 x 0.49 =45.40 KNm
1.08

Moment and Shear Force Diagram for All Loads Arrangements
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Moment and Shear Force Envelopes

Moment and Shear Force Envelopes are the superimposed moment and shear force
diagrams obtained from different possible load arrangements. Critical values from
moment’s envelopes are selected for design purpose.
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SPAN C-G-K
Stiffnesses, &k
Beam

I=bd’ =0.2x045°=152x10° m*
12 12

Spans CG and KG

koo =hrg=1.52x10%=0253x 10" m*
6.0

koe=kox=1.52x10°=0253x10° m*
6.0

Columns

[=bd’ =0.25x025°=033x10°m*
12 12

Upper

ky= 033x10°=0.09x 10° m*
3.6

Lower

k =0.33x10°=0.09x 10° m*
3.6

Fu+ k= (0.09 +0.09) x 10° =0.18 x 16> m*

Distribution Factors
Joints C and K

Yk=025+0.18=0.43

D.F.CG = D.F.KG
=0.25/0.43 =0.58



D.F.COLS =0.18/0.43 =042
Joint G

2k=025+0.25+0.18 =0.68

D.F.GC = D.F.GK
=0.25/0.68 = 0.37

D.F.cors = 0.18/0.68 = 0.26

Fixed End Moment (F.E.M.)
For 1.4DL + 1.6LL

Mcg=Mgg = WL/ 12 = 34.96(6)* / 12 = 104.89 KNm
Mac=Mgk =-WL?/ 12 =-34.96(6)* / 12 = -104.89 KNm
For 1.0DL

Mco=Mikg=WL?/ 12 =19.83(6)* / 12 = 59.49 KNm
Mgc = Meg =-WL? /12 =-19.83(6)* / 12 =-59.49 KNm

First Loading Case

Shear V¢ = Load ~ (Mcg — Mgc)

2 L
= 209.76 — (-61.90 + 59.81)
2 6
=105.23 KN

Shear Vge = Load — Vg
=209.76 — 105.23
=104.53 KN

Maximum Moment, span BF = V¢? + Mcg
2w

= 105.23> —61.90
2 x 34.96



=96.47 KNm

Distance from C, a; = V¢g
w
=105.23/34.96
=3.0lm

Second Loading Case

Shear V¢ = Load — (Mcg — Mgc)
2 L

= 118.98 - (-42.83 +1.24)
2 6
=66.42 KN

Shear Ve = Load — Vg
=118.98 - 66.42
=52.56 KN

Maximum Moment, span CG= V¢g? + Mcg
2w

= 66.42° 4283
2x19.83
= 68.41 KNm

Distance from C, a; = V¢g
w

=06.42/19.83
=3.35m

Third Loading Case

Shear Vg = Load — Mcg = Mgc)
2 L

= 209.76 — (-66.83 + 38.95)
2 6




=109.53 KN

Shear VGC = Load - VCG
=209.76 — 109.53
=100.23 KN

Maximum Moment, span CG = Veg? + Meg
2w

= 109.53° —66.83
2 x 34.96
=104.75 KNm

Distance from C, a; = Vg
W
=109.53/34.96
=3.13m

First Loading Arrangement
Column Moment

Mep =Mcg = 61.90 x 0.09 = 30.95 KNm
0.18

Mo =Mgr =61.05 x 0.09 = 30.53 KNm
1.08

MKL = MKJ = 4283 x Q@ =21.42 KNm
1.08

Second Loading Arrangement
Column Moment

MCD = MCB =4283x D___QQ =21.42 KNm
0.18

MGH = MGF =61.05 x 0.09 = 30.53 KNm

.08

J—

M. = My = 61.90 x 0.09 = 30.95 KNm
1.08



Third Loading Arrangement
Column Moment

Mcp = Mcp = 66.83 x 0.09 =33.42 KNm
0.18

Mgn = Mg =77.91 x 0.09 = 38.96 KNm
1.08

Mk = Mg; = 66.83 x 0.09 =33.42 KNm
1.08

Moment and Shear Force Diagram for All Loads Arrangements
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Moment and Shear Force Envelopes
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X
3.6m

Stiffnesses. &
Beam

I=bd’ =02x045°=1.52x10"m*
12 12

Spans DH and LH

kon = kp= 1.52 x 107 =0.253 x 10> m*
6.0

kup = km = 1.52x 10° =0.253 x 10° m*
6.0

Columns

I=bd® =0.25x0.25°=033x10° m*
12 12

Lower

h=033%x10°=0.09%x10° m*
3.6

Distribution Factors

Joints D and L

Yk =025+ 0,09 =0.34

D.F.DH = DFLH
=10.25/0.34=0.74



D.F.Dx = D.F.LY
=0

D.F.cors = 0.09/0.34 = 0.26
Joint H
Sk=0.25+0.25+0.09=0.59

D.F.HD = D.F.HL
=10.25/0.59=0.42

D.F.cors = 0.09/0.59 =0.16

Fixed End Moment (F.E.M.)
For 1.4DL + 1.6L.L

Mpy =My =WL?/ 12 =6.59(6)* / 12 = 19.78 KNm
Mpup= My =-WL?/12 =-6.59(6)" / 12 =-19.78 KNm
Mxp= My = 0 (no support)

Mpx =My =-WL?/ 12 =-6.59(1)* / 12 = -0.55 KNm
For 1.0DL

Mpr=Mn=WL*/ 12 = 471(6)*/ 12 = 14.13 KNm
Myp =My = -WL2/ 12 = -4.71(6)2 / 12 =-14.13 KNm
Mxp= My, = 0 (no support)

Mpx =My =-WL?/12=4.71(1)*/ 12=-0.39 KNm



First Loading Case

Shear VDH = Load — {MD_H — M_)HD

2 L
= 28.26 — (-6.50 + 0.43)
2 6
=15.14 KN
Shear Vyp = Load — Vpy
=28.26-15.14
=13.12 KN

Maximum Moment, span DH = Vpp® + Mpy
2w
= 15.14> -6.50
2x4.71
=17.83 KNm

Distance from D, a; = Vpy
: w
=17.83/4.71
=3.79m

Second Loading Case

Shear VDH = Load — (MM - MHD)
2 L

= 39.54 - (-7.96 + 8.16)
2 6
=19.74 KN

Shear VHD = [oad — VDH
=39.54 - 19.74
=19.80 KN

Maximum Moment, span DH= Vpy® + Mpy
2w



= 19.74*> -7.96
2% 6.59
=21.61 KNm

Distance from D, a; = Vpy
w

=21.61/6.59
=328m

Third Loading Case

Shear VDH = Load — (M@ - M@)
2 L

= 39.54 — (-8.43 + 5.01)
2 6
=20.34 KN

Shear VHD = Load - VDH
=39.54-20.34
=19.20 KN

Maximum Moment, span DH = sz + Mpy
2w

= 20.34° -8.43
2% 6.59
=22.96 KNm

Distance from D, a; = Vpy
w
=22.96/6.59
=3.48m

First Loading Arransement
Column Moment

Mpc = 6.50 KNm

Mhpuc = 8.59 KNm



MLK =7.96 KNm

Second Loading Arrangement

. Column Moment
Mpc = 7.96 KNm
MHG = 8.59 KNm

Mix = 6.50 KNm

Third Loading Arrangement

Column Moment

Mpc = 8.43 KNm
Mpug = 10.01 KNm

M= 8.43 KNm

Moment and Shear Force Diasram for All  oads Arrangements
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Moment and Shear Force Envelopes
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APPENDIX B
MANUAL CALCULATION

(MOMENT DISTRIBUTION METHOD)



SPAN BFJ

Moment distribution for first loading case

B F
Cols. BF FB Cols. FJ JF Cols.
™) M) M)
D.Fs 0.81 0.19 0.16 0.68 0.16 0.18 0.81
Load
KN 209.76 118.98
F.E.M. 104.89 -104.89 -59.49 59.49
Bal. -84.96 -19.93 4>< 26.30 111.78  26.30 A>< -11.30 -48.19
C.0. 13.15 -9.96 -5.65 13.15
Bal. -10.65 -2.50 2.50 10.62 2.50 -2.50 -10.65
Cc.0. 1.25 -1.25 -1.25 1.25
Bal. -1.01 -0.24 0.40 1.70 0.40 -0.24 ~1.01
C.0. 0.20 -0.12 -3.12 0.20
Bal. -0.16 -0.04 0.04 0.16 0.04 -0.04 -0.16
M{KNm) -96.79 96.79 -86.99 12426  -37.27 60.01 -60.01
Moment distribution for second loading case
B F
Cols. BF FB Cols, FJ JF Cols.
(ZM) M) M)
D.Fs 0.81 0.19 0.16 0.68 0.16 0.19 0.81
Load
KN 118.98 209.78
F.E.M. 59.49 -59.49 -104.89 104.89
Bal. -4819 -11.30 A>< 26.30  111.78 26.30 4>< -19.93 -84.96
C.0. 13.15 -5.65 -9.96 13.15
Bal. -10.65  -2.50 2.50 10.62 2.50 -2.50 -10.65
C.0. 1.25 -1.25 -1.25 1.25
Bal. -1.01 -0.24 0.40 1.70 0.40 -0.24 -1.01
C.0. 0.20 -0.12 -0.12 0.20
Bal. -0.16 -0.04 0.04 0.16 0.04 -0.04 -0.16
M{KNm}) -60.01  60.01 -37.27 12426 -86.99 96.79 -96.79
Moment distribution for third loading case
B F
Cols. BF FB Cols. FJ JF Cols.
M) M) (M)
D.Fs 0.81 0.19 0.16 0.68 0.16 0.19 0.81
Load
KN 209.76 209.76
F.E.M. 104.89 104.89 -104.89 104.89
Bal. -84.86 -19.93 A>< 33.56 14265 33.56 4>< -19.93 -84.96
C.0. 16.78 -9.96 -9.96 16.78
Bal. -13.58  -3.19 3.19 13.55 3.19 -3.19 -13.59
C.0C. 1.60 -1.60 -1.60 1.60
Bai. -1.30 -0.30 0.51 218 0.51 -0.30 -1.30
C.0. 0.26 -0.15 -0.15 0.26




Bal. -0.21 -0.05 0.05 0.20 0.05 -0.05 - -0
M(KNm) 100.06 100.06 -79.20 158.58 -79.29 100.06 -100.06
SPAN CGK
Moment distribution for first loading case
c G K

Cols. CG GC Cols. CK KG Cols.

(EM) (XM) M)
D.F.s 0.42 0.58 0.37 0.26 0.37 0.58 0.42
Load KN 209.76 118.98
F.E.M. 104.89 -104.89 -59.49 59.49
Bal. 44.05 = -60.84 >< 60.82 42,74 60.82 A>< -34.50 -24.99
C.0. 30.41 -30.42 -17.25 30.41
Bal. 1277 -17.64 17.64 12.38 17.64 -17.64 12,77
c.Oo. 8.82 -8.82 -8.82 8.82
Bal. -3.70 -2 6.53 4.59 6.53 -5.12 -3.70
c.o. 3.26 -2.56 -2.56 3.28
Bal. -1.37 -1.89 1.89 1.33 1.89 -1.89 -1.37
M{KNm) 61.90 61.90 -59.81 61.05 -1.24 42.83 -42.83
Moment distribution for second loading case

_G G K

Cols. CG GC Cols. GK KG Cols.

M) M) M)
D.Fs 0.42 0.58 6.37 0.26 037 0.58 042
Load KN 118.98 209.76
F.E.M. 59.49 -59.49 -104.89 104.89
Bai. 2499 -34.50 A>< 60.82 42.74 60.82 A>< -60.84 -44.05
C.0. 30.41 -17.25 -30.42 30.41
Bal. 1277 -17.64 17.64 12.39 17.64 -17.64 -12.77
C.0. 8.82 -8.82 -8.82 8.82
Bal. -3.70 512 6.53 4.59 6.53 -5.12 -3.70
C.0. 3.26 -2.56 -2.56 3.26
Bal. -1.37 -1.89 1.89° 1.33 1.89 -1.89 -1.37
M{(KNm) 42.83 42.83 -1.24 61.05 -59.81 61.90 -61.90




Moment distribution for third loading case

c G
Cols. CG GC Cols. GK KG Cols.
oM M) M)
D.Fs 042  0.58 0.37 0.26 0.37 0.58 0.42
Load KN 209.76 209.76
F.E.M. 104.89 -104.89 -104.89 104.89 1
Bal. 44.05 -60.84 A>< 77.62 54.54 77.62 A>< -60.84 -44.05 ii
C.0. . 38.81 -30.42 -30.42 38.81 |
Bal. 16.30 -22.51 22.51 15.82 22,51 -22.51 -16.30 '
c.O. 11.25 -11.25 -11.25 11.25 _‘
Bal. 473 -6.53 8.33 5.85 8.33 -6.53 -4.73 !
C.0. 4.16 -3.26 -3.26 4.16 |
Bal. .75 -2.42 242 1.70 2.42 -2.42 -1.75 i
M{KNm) ©66.83 66.83 3895  77.91  -38.95 66.83 -66.83 i
|
SPAN DHL
Moment distribution for first loading case
D H L. ‘
DX Cols.  DH HD Cols. HL LH Cols. LY
(IM) (TM) ' (EM) j
D.Fs 0 026 074 0.42 0.16 0.42 0.74 0.26 ol
Load KN 28.26 39.54
F.EM. 0.55 14.13 -14.13 19.77 19.77 0.39
\
Bal. 0 -367 -10.46 A>< 14.24 542  14.24 X 1463 514 of
C.0. 0 7.12 5.23 -7.31 7.12 D\"
Bal. 0 18 527 5.27 2.01 5.27 527  -1.85 0
c.0. 0 2.63 263 -2.63 2.63 d
Bal. 0 068 -1.95 2.21 0.8 221 195 068 O
c.0. 0 1.1 -0.97 -0.97 1.11 0
Bal. 0 029 -0.82 0.82 0.31 0.82 082  -0.29 0
M{KNm) 055 -650  6.50 -0.43 8.59 -8.16 796 -7.96 039
|
|
Morment distribution for second loading case |
D H L .l
DX Cols. DH HD Cols. HL LH  Cols. ITY
(M) =M o
D.Fs 0 026 074 0.42 0.16 0.42 0.74 0.26 0
Load KN 30.54 28.26 |
FEM. 0.39 19.77 19.77 -14.13 14.13 0.55



>< -10.46

Bal. 0 514 -14.63 14.24 542 - 14.24 -3.67 0
C.0. 0 7.12 7.3 -5.23 7.12 0
Bal. 0 185 527 527 2.01 527 527  -1.85 0
C.0. 0 2.63 -2.63 263 2.63 0
Bal. 0 068 -1.95 2.21 0.84 2.21 185  -0.68 0
C.0. 0 1.1 -0.97 -0.97 1.11 0
Bal. 0 029 -0.82 0.82 0.31 0.82 082  -0.29 0
M{KNm) 0.39 7.96 7.96 8.18 8.59 0.43 650 650  0.55
Moment distribution for third loading
case i
D H L ‘
DX Cols.  DH HD  Cols.  HL LH  Cols. LY
M) (M) (IM) !
D.F:s 0 026 074 0.42 0.16 0.42 0.74 0.26 0
Load KN 39.54 39.54 ;
F.E.M. -0.55 19.77 -19.77 19.77 19.77 -0.55
Bal. 0 514 -14.63 A>< 16.61 6.33 16,61 A>< 1463 514 0
C.O. 0 8.30 7.31 -7.31 8.30 0 ‘
Bal. 0 216 -6.14 6.14 2.34 6.14 614 216 0
C.0. 0 3.07 -3.07 -3.07 3.07 o'
Bal. 0 -080 -2.27 2.58 0.98 2.58 227 080 01
C.0. 0 1.29 1,14 1.14 1.29 o|
Bal. 0 034 .95 0.95 0.36 0.95 095  -0.34 0
M(KNm) 0.55 843 8.43 -5.01 1001  -5.01 843  -8.43




APPENDIX C
STAAD PRO AND ROBOT MILLENNIUM ANALYSIS RESULTS DIAGRAM

(BEAMS AND COLUMNS)
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APPENDIX D
STAAD PRO AND ROBOT MILLENNIUM DETAILING RESULTS DIAGRAM

(BEAMS AND COLUMNS)




Final Year Project e ey -
Software licensed soSnow Panther [L20] Part
2 Tite FIRST FLOOR Ref
By Dami7.Sep04  OM
ot Flie |Dmrnmo
M TB0RITE }
LT
- - - I..N.LT.M!_
Al. —HimaL. " q }m u';- %_zm L]
,fm [‘— —— R . | j ‘l
N y o]
ek LATie2 wrr
- .
1 E £
ma
AA B8 oL
............................................................... PN i SN ii -17.1m.m]
€] - Foa
................................................................................................................ 4 ~ 5 -
rl = EJ 24 F |
e AT b
£ 5 §
[ Time/Date: 0311172004 23:46 Staad/Pro - RC BS8110 Version 3.2 PrintRun 1 of {



S o Final Year Project e =y "
(\T{ Softwars Uconsad 1Snow Panther L20]
e STX "FLOOR - Ret
By Daw{7.Sep-04  Cnd
t File lwnm
A1 :1 ‘‘‘‘‘‘‘‘‘‘‘ }“ i+c = i_ﬁm_ L.
i d g
LaTAE e
£ §
AR BB =2+
| ..................................................................... ASTBATARS . ]’-?ﬂTl'WIm
o €] o Ci
o i |
iy e
g 3 i
e Date: O3/11/200¢ 2351 Stard/Pro - RC BS8110 Version 3.2 Pint Run 2012



Final Year Project e -

" "FLOORIZ . Ref

7
L
&
:

g

|
Tite
t

40117y

a8 i i
| B T

Time/Date: 0/11/2004 23:33 " Staad/Pro - RC BS8110 Version 3.2 PrintRun 3 ol 3




» » Job No ShestNo | Rev
Final Year Project 1
Software ficensed oS now Panther [L.20] Patt
T TG00 man # B09 man  c0lany ot
By Date 17_Sop-04 Chd
" File lwm
M oo oo
il ¢
(ot }
: o | P25 o1
A Al -1
M o0 oo
A-A
25R 8-03-175
25 R 8-03-175
B 0 0 [ '+ I | 25R 8-02-175
;01
L. L RS

Print Run t of 1

ima/Dute; G/ 1112004 2387 Stand/Pro - RC BS8110 Version 3.8



et —

- = . Job Mo Shaat No Rov
S | Final Year Project 2
d
.\ —
N Software licensad toSnow Panther 207
bTie LT Ref
T08m ¢ I5TMey  (Hunn = e
ot = [orwTime
0t 0f 0Of
“:’*‘“J o — o|r ?’2_,---‘1 o
LA AV T .
oot o1
AA
37 16-01 23R 802150
o |
el N
1t Time/Dade: 04/11/2004 00:04

Staad/Pro - RC BS5110 Version 3.2

Print Run 2 of 2



b _Final Year Project o R S

Smmllamdb&mhnmm Part
T : - Ref
2SUMty g 25Dty (o B Del17.Sep04 e
ot Flie |D|hﬂ'lm.
[
Mo

L Re |
AA
37T 18-01 23|R 8-02-150
lor|g b

Time/Date: 0411172004 00:08 - Staad/Pro - RC BS8110 Version 3.2 PrintRun 3 of 3



QZ:| 8jeds uoljoasg

05:1 S|EIS MBIA

UGS J8A0D BpIS

WL 19A00 do). WIB0E JaA0D woyog
ZWEL 9 = Ylomulod

LRSS 0 = V210U0D Byp'ge = L 19915

0SYXQ0Z Uonoes

ac LoNdl1sS

[9A9T] pJepuels

Garn @'*" JUICDY

WI oo lesuat iz | (S)
—em 3l |wes euz | (¥)
—wm @l |6 2z | ()
—mm—i 0 st 812 |(2)
S I IR P

oSy

*o0z" *50z+-
@P_.MN
i
(4]
o
ga-d v-Y
“oov 0095 oor
[T PR N R | l _OOﬂXQ_ | | | 1 i _Gcﬂxm_ ] | I T T I )
I _QW_‘*W, T 1 ¥ 1| | T _QTNXN_ ] ] T T T T _DW—‘km, I
TR
NJ V" 2d oLLz @ _ LA
) S
* | B . ) %
Iq'_ E.Mw |<|'_ zZhiZ M
P -
3 o 4
fa e 4

@m._.mu




021 9)80S UoRDag
051 9[EDS MAIA
WSOE JoA0D OpIS
LO0E JOACO WoRog

winoe 1enoo doj
CWE.L'g = YJomuo

0SYX00Z uonoes
(r 22> @ JUIEDY

ac Lonyls

|[9A9] plepuels

EWIBGSE Q = aauouag Bi5'6S = 1 19915

0154

W,I 0 |esiad  elsz | (OD)
e gl 8 [ lose 91z | (B)
el jeses az|(®)
T gl [enee onz | (2)
N DT =~

*o00z" 002"
@mhﬂN A @._.MN
(5]
(e ]
a-a o0
“00%" 0095 ‘007"
£ I I (A I l 1 COﬂXOm I L 1 £ L] 1 gﬂxm L. 1 | S I I T o |
1 _OW—.*W_ ¥ i T 1 ¥ T _mvvww 1] T T I 1 F _OWP*Q_ T
-
& &
m>_ 1 ed a1z( B ;N>
_ 1 L
ol (@) ] (D)

f 0zLz @
1
T
F-y
[=]
[=]




s anos o 0S¥X00Z uonoas | - @z LoNyls

WAL JOADD aDIS

ZWS'S = MIoMmULIOH

woQE 19400 dot WODE JaroD Walog (3 #074) mN--szwwm —0>0|— uu— mu:mﬂ.w

CWLSS0 = Marsuo) By = L (9313

00¢ 00¢
IS @.GN N @:&
n (43
o <&
4g-d Y-VY
0z ? 0815 Yokz
E I I A O | b i @OQ* | 1 Ll | | ﬂOﬂXﬁ, ] | | N A N S |
[ _ow F*m4 T i i T I T T M¢ | T T T T I 1 _QW—.*M T 1
<t -
MI 09 |eSii=l  elvz 8 M 8

s | 0¢ | 0G/8=l ¢€lll

Hey @) LE BibS=l Cl1E

aEr 0¢ ooet=l  CilL

oIy (4§74 9=l 8le

(@@ || (@) (=)
pb
if.@
L =
&

s6¢ gl & (20k=l CLLE




0Z't 9JESE UoKPag
05:1 BEIS MalA

WWDQOE JaAoD apig

URGE Janod doj WDOS JOA0D toRog
ZWGL 9 = oMLLoY

EWLEG'0 = Jj2KU0)H Bg b = 1 19018

0S¥X00¢ uoljoes

GrmgZ  geuieag

dc LONY1S

|[9A9T plepue)ls

0S¥y

sl ™ oo |esma ewe | ED)
TNl L8 | el zue | (eh)
R L |wE ul | (Y
| 00 | 00Zk=l  ZhiT 91
T 02 |ouvel 81z | (B)
=gl £ | el zue | (8)
oz e | (2)

ot | 0T

002 002
. D . DI
[4)]
o
a-a 0 100
szt 0525 74
| S I A I | | @SXA- | | 11 @OMX* I 1 | I T I I |
H _QWP*m_ T | E i I 1 I Nv I I 1] T .QWF*mW i
B
mg L 62d mﬁm@w ﬂ\g
e S am— e
! b ;
ﬁ._.ﬁ @ NE..«.& |a'_ @
R "




02:} 9]EoS LSS
0G| 8298 MBIA,

wope enod dog

LDQE JEACD apIS
WOQE JOADD WONoY

TWIL'| = Homutog
EWH0'0 = S_ouc)

g vz =1 19918

0SyX00Z uonoas |

" g gpwesd |

az 1oNyLs

|[9A97 piepue)ls

WH 09 |esis  8ie | (E)
w3l 46 | g9szel  9LLE @
—mE S o 1 Jhumet a1z i

osy

@ (s

omm G.i8

8

i * I £9d

HE

0st

E (s




% e s 0SPX00Z Uo1}09S | az Lonyls |

P— eemers | @200 pOTUQpUWEAYG | |OA3T PAEpPUR)S

CUWIGG'D = oMo

G0 = 3]2U0U0Y By6'6E = 1 19015

002" Y002
. @m 15T . @E.vm
0 . o
O [
a-a J-0

WI 09 |esil=  8lpe

= )3l 8 | 0vLel 91T

oo

V| @@
)

BleT

—snz | 02 9lll=l 817




OL/L 2208 uopeg

EC/1 9|22 MIIA

06ZX0S¢ uonoeg

ac LONY1S

S oguuinjo) [9A97 pJepuels
SWLE1 0 = BjaoueD 646z = | |eals xXe4 Bl
M2 ot
2 \ouez G - — .
ZLis % H ”-
v-v .l
m 4

]

09

0e8=}

gyee

0452

0c

045E=

- Zlig

Sll®

009¢
EZLLl’(QLI
>




0L/ 9IEs LoD

s 0SEX0SE Uonoeg @z Lonuls

ZWLET = Jlomutioy Bigz'g =4 1331

sn e yLuwnjo) |9A97] piepuels

CWYRE'C = BjPL0D BugL = 1 |eais X6 [CT

o6 ¥
T I . . T T
@ o r_v — —
@ i S
o -
. L @Nwhm | 4
ww_mw@ —+
[
v-Y o
g ST
[ ] Toa
© 4R
£ 1
+ | 4+

I 00 |oze oz | (2) M

nzr [a R oo | AN Y.




S i 00¥X00¥ UOROSS

2WLY'g = YOMLUIoS
£WIg9g'o = elanued

Byt =g eslIs

ac¢ LON¥1S

[9A97 plepuelg

wopg Janop | F:E:—oo

BiG VT = L 19915 xeH Ll

00t

. wﬂ @xww

0104

(491 u—u 9YBe AW

v-v

e s we oue | ()
MI 09 |oer= oz | (2)
e |02 | sesre 29 | (1)

-
oov
4 & - —
Ten
1&
o
T
- L
,I—
B
w o |
N
@ %
ILOH v
T L ] I
] -




APPENDIX E
STAAD PRO AND ROBOT MILLENNIUM DETAILING CALCULATIONS

(SELECTED BEAMS AND COLUMNS)



" 15T STOREY

BEAM 1(M1)
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Member M1 Span 1
Detsiled BSBE110 Desipn Requiremerts

Section Proparty: 200 x 440

Span Length =H8.000m Redangular seclion

Width =200 mm Depth =450 mm
Govers: Top=30mm Boltomi=30 mm Side=30mm

Member M1 Span 1
Detziled BS58110 Main Reinforcemernt
Hogging: at0000 m from the start of the member

Moment applied to seclion =022 kNm
Effe dive dapth of tension reinforcement d =402 mm
Depth to eompressien minfareement d' =54mm
Redistribution < 10%, hence K =018
M

K = ﬂ =0082
K% K hence compression steel rot requined,
z =u[uﬁ+[n.m-;§]"]s 0e5d = 381.40 mm

T eme—— =502 55 mmé

T DB5fz

Tension Bars pravided =2T20
Artual area of tension minfarcement =B28.32 mm?
hinimum area of tension reinforcement =0.13 %
tdaximum area of tension reinforcament =4%
Actual % of tenzion reinforce ment =070 %

Member b1 Span 1
Detailed BSB110 Main Reirforcement Cant...

Winimum hoiizontal distance between bars = h ot ammi =25 mm
Smallest actual horizontal space beivaen bars =84mm
Maximum spacing of tension bars = 7 0 30 =185 mm
Lamest actual space beiween tension ba rs =84mm

waximurn slear distance beiveen beam face and nearest main bar in tension

=max fension bar spacing/2  =B3mm
Azhial clear dlstanm bedween beam face and nearest main bar in tension
=38 mm
Actual neutral axis depth of section =Q&.65 rim
Moment capaeity of section =@8.41 kNm

- 0K

3444

31253
31284

312111

1211249

3421125



Sagging: 2t 3000 m fram the start ofthe member

lvlome:nt applied to section =57.10 kMm

Effective depth of tension reinforcement d =401 mm

Depth o eompression einforesment d =54mm

Redistribution ¢ 10%, hence K =0150 3444
"]

K o= Edé—f“ =005

K2 K henee compression steel not required,

z =d [Dﬁ + [EI.EE- %]‘ js nesd = 380,18 mm
Mo .

.ﬂw = ﬁf—; = 3422 B4 mim®

Tensian Bars provided =2T18

Actual ama of tension einforeement =402 12 mim®

Minimurn area of tension reirfor cement =013% 31253

wiaximumn are a of tension reinfarcement =% 312841

Actial % of tension reinforcement =0Aa5%

Membar M1 Span 1
Detailed BSA1410 Mein Reinforcemert Cort...

Minimum hotizontal distance between bars = b, +&mm =25mm 2121144
Smallest actual horizontal space beimeen bare =92 mm

Maximun spading of tension bars = _fE 4300 =180 mm 3121124
Lamest achual space beiwzen fnsion bars =02 mm

Maximurm clear distance bedvesn beam face and nearest main bar in tension

=max fension bar spacing/2  =90mm 3121125
Actual clear distanees belveen beam face and nearest main bar in tension
=38 mm
Achual neutral axis dapth of section =51.08 mm
homent capacity of section =§6.08 kNm
- OK

Hogging: at&.000 m from the start of the member

M:lment applied to section =182 kNm
Effedive dipth of tension reinforcement d =402 mm
Depth fo cempression reinforcement d' =54mm
Redistribution < 10%, hence K =015 ifaas
I
= - =0
bdef 00es
K2 K henca compressien steel not requied.
z = d[ﬂﬁ * [ﬂ.?ﬁ- ﬁ'fg)]g 0esd =35.4) mm
h A .
., = m{; = 669.809 mm
Tansion Bars provided =3T20
Actual are d of tersion reinforcemenrt =842 8 mmi¢
Mnimqm area of tension rainfor cerment =013 % 31253
Maximum are a of tension reinforcement =4 % 31201

Actyal % of tension reinfarce ment =105 %



Member M1 Span 1
Detailed 558110 Main Reirforcement Cort...

Minimum harizontal distance between bars = h‘m+ Smm
Smallest actual horizontal sp ace betwesn bais

Maximum spading of tension bars = .f £330

Lamest actual space beineen tension bafs

=25mm
=32mm

=207 mmn

=32 mm

hdsximum clear distariee beineen beam fage and nearest main bar in tension

=max tension bar spacing /2

=103 mm

Actual clear distance belween beam face and nearast main bar in tension

Actual neutral axis depth of section
Moment eapacity of section

Member M1 Span 1

Detailed B58110 Span ! Effective Uepth Check
Basic span / effective depth ratic

t=2fyﬁmxl 22023428
To3A R 3x 24
Mod. factnr far tension it —0ss+ 1) oan
.Ta rior mnsmon M. =1 m_ .
hbd. facter for compression . =1+ 4m::’*""““ f{s + m:;“”*”] 15
Henca, modified span / effective depth ratio
Agtual span f effedtive depth ratic
Member M1 Span 1
Detailed BS8110 Shear Reinforce ment
High shear zone: 0001 mto 5.1775m
Masdmum shear force within zone, V
Y TEd
< OB 4t and 5 Nimm: hence dimensions adequate
400 7 iy A
v = 0.7a _ﬁf.. E f'[‘.
bd d

=079 x 0.78 " *% 1.00°** 11.25

= 38 mm
=145.28 mm

= 13864 kNm
- OR

=280
= 201.45 Nmm*

=123

=100

=3183
=14E5

=102.23 kN
=127 Nimnv

=085 Nimm:

32111

3121124

3121125

3483
3485

3485

2488

SAFE

3452

3454



Mamber M1 Span 1
Detailed BSB140 Shear Reinforcemert Cont. ..

{v, +04) <v < 0Bt ar5 Nimm 3453

spaging provided, s =175 mm

minimumarea oflinks= b s _{v-v){D.G5f = 48,08 mm*

area of links provided (218), A ‘ = 100.53 mmy

distance between main barin compression zone and a restrained bar £150 mm 31272
.. OK

Highshear zone: 5175 m to 5298 m

Waximum shear force within zone, =107.54 kN
¥ =% =124 Nimim: 3452
08 ‘&:.5 and § N/mm# hence dimen sions adequate
100 A Y00y
=07@x 1.7 %% 1.00" 1125 =075 Nimm
(v, 0 2 v <0Bf, 015 Wmm- 3453
Spacing provided, 5, =300 mm
minimurm area of inks = b_s, {w-») /0G5t =47.43 mm*
area of links provided (2T8), A, = 1D0.83 mm*
distance betwesn main barin compression zone and a restrained bar £180 mm 21272

-~ OK



11™ FLOOR
COLUMN 1(M32)
(250MM X 250MM)

Fy(lH) Mz{kHm}
so '3 &1 oo 60 40 20 ' .20 40 60
L N (IR A 1 PR I |

3-19.5 MT 36

100
L

-19.5
| LI vt ) I

' T 11 1
100 S0 = -50 -100 60 40 20

-20 -40 -60

166

Main reinforcement T16

23R8 @ 150mm
250 ¥ 250mm



Member 32 - Detsiled BE8110 Design Renuirements
Saction Poparty: 280 =280

Storey height =3E800m
Redangular section:  Width =280 mm Cepih =250 mm
Cover =30 mm

Mamber 32 - Detailed B58110 Main Reinforce ment
Shearbars not designed. Depth of main reinforcement taken as cover+ brieflink size

Peial M =359 kN
hajor M, end 1, =317 kNm
and 2, =-30.83 kNm
hiner b end 1, =000 kNm
end 2, =000KkMNm

Columin Type: SHORT 3814
Design M, = 38.53 kNm
Pesign M, =000kNm
Area of sterl required =g14.45 mur+
Adtual neutia! axis depth in sedion, x =50.21 mm
Faree produced by concrede stress black = 205498 kM
Force produced by main steel =-17003 kH
¥ intemal forces = 3548 kN
Intem al ferces & axjal N - OK for =dd resistance
homent produced by conarete strass block = 2024 kN
hement produced by main steel =28.32 kNm
I intem al moments =48.50 kNm
Intem al mamerts * design moment .. 0K for moment resistance
Ivin distance beiween bars =h, . +58mmaorbar diametsr =25 mm 342114
Smallest actual space bewween bars = B3 mm
hizx allovable spacing of bars in designed faces = <300 =202 mm 3121124
Large st actual dear space bebaeen bars in designed faces =03 mm
Max allowable spacing of barsin ather faces = 160 mm Table 3.28
Largest actual clear space between bars in ather faces =B3mm

Agtual area of main reinforcement (BT18) = 16808 50 mm



Member 32 - Oetailed 8581140 Main Reirforoemert Cont...

Min area of compression reinforeement
Max area of einforcement

Adua] araa of main einforcement
Max area of minforcement at laps

-, area bymhich sleel can increass at laps

Member 32 . Datsiled BS8110 Shear Reinforcement
Spaeing provided, s,

Major axis;
Shear force, V
farment, bl
v =2

b d
208 {{, and § Nimm ». dimensions ade quate

d e

¥ =070 [1%] [%EJ fy, =078 1185« 10871125
1,225 . =wx(f /257 ¢ limited to20)
¥ =\(;+DB;V—J =058 + 0.0 x 057 « 0.13

=04 %

31253

=0 % (B % if horizontally cast)

=257 %

=10%

=484 50 mmv

S OK

=150 mm

= 18.52 kM
=38.53 kNm
=038 N/mm*

=070 Nimm
=088 N/mmy
=083 Nimm-

viu! buthVN >0B h - provide links as per o ause 3.4.5.3 using v, instead of v_

Area of links required =04 bs /DR
Ares of links povided (2RE), A,

hifinar axis:
Shear fores, W
Moment, M
v = W
£
=08 4 £ and § Nmm -, dimensions adequate
BN %
¥, =073 [%] [?;—DJ Iy, =0 x 118 “x 100 /128
1,225 v swx(i, /25" (f_ limited to 40)
w' =v +08 Nvh =088 +08x 0.5 x 1.00
’ : A M
wivy! .-, anly nomin ai links required

Area of links required =04 b s, /085 f
Area of links pravided (ZRB), A,

Member 32 - Detziled B5R110 Shear Reinforcement Cort...

kfnimurn size of link bars
Adual size of link bars
Masdrnum sp acing of links

=53.18 mm¥

=100.53 mm"

= 1052 kN
=000 kNm

=038 N/mm*

=0.78 Nfmmv
=088 NAnm*
=088 NAmm*

= B3.18 mm?
= 10053 mnv

=B mm
=8 mm
=153 mm
s 0K

A1282

31282

3452

3a54
Table 3.8
34512
3Ig4s

3452

34454
Table 38
34512
34512

37

34558127 1



ﬁ ROBOT v 15.5.1

Author: File: STRUCT 2D.rtd
Address: Project: STRUCT 2D
1 Level:

N ame : Standard Level

s R eference ievel e

¢ F ire rating 10 (h)

M aximum cracking :0.30 (mm)

« E nvironment class - . moderate

+C oncrete creeping coefficient: ¢, = 2.00

2 Beam: Beam?7...8 Number: 1

2.1  Material properties:

» C oncrete ' : C36 fou= 35.00 (N/rrm2)

. Unit weight : 24.00 (kN/m3)
¢ L ongitudinal reinforcement : T fy = 460.00 (N/mm2)
¢ T ransversal reinforcement : T fy = 460.00 (N/mm2)

2.2 Geometry:

221 Span Position Lsupp. L R.supp.
(m) (m) (m)
P7_1 Span 0.40 5.80 0.40
Span length: Ly = 6.00 (m)
Section from 0.00 to 5.60 (m)
200.00 x 450.00 (mm)
without left slab
without right slab
222 Span Position Lsupp. L R.supp.
{m) (m) (m)
P8_1 Span 0.40 5.60 0.40

Span length: L, = 6.00 (m)

Section from 0.00 to 5.60 (m)
200.00 x 450.00 (mm)
without left slab
without right slab

2.5 Calculation options:

+C alculations according to :BS 8110
o P recast beam T ho
*C over tbottom ¢ =30.00 {mm)
:side c1 = 30.00 (mm)
: top c2 = 30.00 (mm)
2.7 Calculation resulits:
No. Type State Span x(m) Value Capacity  Safety factor
1. M[KN'm] ULS 1 0.40 7121 -59.37 0.83
2. M[N'm] WULS 2 12.00 -83.75 -53.67 064

Date : 168/10/04 Page : 1




ﬁ ROBOT v 15.5.1

futhor: File: STRUCT 2D.rtd
Address: Projact: STRUCT 2D

2.7.% Internal forces in ULS

Span Mtmax, Mtmin, M Mp Qi Qp
(kN'm)  (kN'm)  (kN'm)  (kN'm)  (kN) (kN)
P7_1 57.19 0.00 -71.21 -91.30 94.31 -101.48
P8 _1 56.67 0.00 -79.80 -B3.75 87.19 -98.58
2.7.2 Internal forces in SLS
Span Mtmax, Mimin. M Mp Ql Qp
(kN"m) (kN*m) (kiN*m) (kiN*m) (kN) (kN)
P7_1 0.00 0.00 0.00 0.00 0.00 0.00
PB_1 0.00 0.00 0.00 0.00 0.00 0.00
2.7.4 Required reinforcement area
Span Span {mm2) Left support (mmg2) Right support {mm2)
bottom top bottom  fop bottom  top
P7_1 34753 0.00 0.00 440.32 0.00 578.91
P8_1 344,14 0.00 0.00 499.01 Q.00 526.49
215 Deflection and cracking
ats-y - initial deflection due to total load
apis) - initial deflection due to leng-term load
Apdl-1) - long-term deflection due to long-term load
a - total deflection
aall - allowable deflection
Cw - width of perpendicular cracks
Span atfs-l ap(s) ap(} a all Cw
(mm) (Tmm) {(mm} {mm) (mm) {mm)
P71 0.0000 0.0000 0.0000 0.0000={Lo/-} -24.0000  0.00
P3_1 0.0000 0.0000 0.0000 0.0000=(Lo/--) -24.0000 0,00
2.8  Theoretical results - detailed results:
2.31 P7_1: Span from 0.40 to 6.60 {m)
- ULS SLS
Abscissa Mmax. Mmin. Mmax. Mmin. A bottom A top
{m) (kN'm)  (kN*'m) (kN*'m} (kKN*mM) {mm2) (mm2)
0.40 0.00 ~71.21 0.00 0.00 0.60 440.32
0.80 0.00 -34.87  0.00 0.00 0.00 206.55
1.40 7.01 0.00 0.00 0.00 11700 0.00
2.00 36.33 0.00 0.00 0.00 21543 0.00
2.60 53.05 G.00 0.00 0.00 320.77 0.00
3.20 . 9718 0.00 0.00 0.00 347.53 Q.00
3.80 48.75  0.00 0.00 000 - 29324 0.00
4.40 C27.72 0.00 0.00 0.00 162.80 0.00
5.00 0.00 -5.90 0.00 0.00 0.00 117.00
5.60 0.00 -52.09 0.00 0.00 0.00 314.70
6.00 0.00 -91.30  0.00 0.00 0.00 579.91
ULS SLS
Abscissa Qmax. Qmax. Cw
(m) {(kN) (kN) {mm}
0.40 94.31 0.00 0.00
0.80 80.32  0.00 0.00
1.40 59.34 0.00 0.00
2,00 3837  0.00 0.00
2.60 17.39 0.00 0.00
3.20 -3.57 0.00 0.00
3.80 -24.55 0.00 0.00
4.40 4554 0.00 0.00
5.00 -86.50 0.00 .00
5.60 -8748 000 0.00

ate : 18/10/04 Page : 2




@ ROBOT v 15.5.1

Author: File: STRUCT 2D.rtd
Address: Project: STRUCT 2D

6.00 -101.48 0.00 0.00

28.2 P8_1: Span from 6.40 to 12.00 (m)

uLs SLS

Abscissa Mmax. Mmin. Mmax. Mmin. A bottom A top
(m) (kN*'m)  (kN'm} (kN*'m) (kN'm} (mm2) (mm2)
6.40 0.00 -79.80 0.00 0.00 0.00 499.01
6.80 0.00 4231 0.00 0.00 0.00 25272
7.40 1.30 0.00 0.00 0.00 117.00 0.00
8.00 3235 0.00 0.00 0.00 190.97 0.00
8.60 50.80 Q.00 0.00 0.00 306.34 0.00
9.20 56.67 (.00 0.00 0.00 344,14 0.00

9.80 4996  0.00 0.co G.00 300.93 0.00
10.40 3065 0.00 0.00 0.00 180.63 0.00
11.00 0.00 -1.22 0.00 0.00 0.00 . 117.00
11.60 0.00 4571 000 0.00 0.00 274.01
12.00 0.00 -83.75 0.00 0.00 0.00 526.49

ULs SLS

Absclssa Qmax. Qmax. Cw
(m) (kN) {kN) (mm)
6.40 97.19 0.00 0.00
6.80 83.20 0.00 0.00
740 62.23 0.00 0.00
8.00 4125 0.00 0.00
8.60 20.27  0.00 0.00
8.20 -0.69 0.00 0.00
9.80 -2168 0.00 0.00
10.40 4266 0.00 0.00
11.00 6362 0.00 0.00

11.60 -84.61  0.00 0.00
12.00 -98.58 0.00 0.00

2.9 _ Reinforcement:

291" P7_1:8pan from 0.40 to 6.00 (m})
Longitudinal reinforcement:

+ bottom (M)

. 2 $16.0 1=6.60 from0.03 to 8.49
+ assembling (top) M)

o2 $8.0 |=3.58 from1.11 to 4.69
* suppart(T)

- 2 $12.0 1=1.48 from0.03 to 1.40

2 $120 =094 from 0.08 to 091
Transversal reinforcement:
« main (T)
. stimups 23 $8.0 1=1.15
e =50.15 + 6*0.30 + 1*0.25 + 1*0.25 + 60.30 + 4*0.15 {m)

29.2 P8_1: Span from 6.40 to 12,00 (in)
Longitudinal reinforcement:

+ botlom (1) o

. 2 #16.0 1=6.60 from5.91 to 12.37
» assembling (top) M

. 2 ¢$8.0 =358 from7.11  to 10.69
+ support(T)

. 2 $20.0 1=3.00 fromd40 to 7.40

2 $200 =215 from1040 to 1237
Transversal reinfarcement:
«  main {T)
: stirups 23 $8.0 1=1.15
e = 50,15 + 6"0.30 + 1*0.25 + 1*0.25 + 6*0.30 + 4*0.15 (m}

Date : 18/10/04 Page : 3




m ROBOT v 15.5.1

v
Tnyy

pm|a.

ZZORS T20628R
wthor: File: STRUCT 2D.rtd
«ldress: Project: STRUCT 2D
Level:
+ Name : Standard Level
* Reference level T
¢ Fire rating 10 (h)
¢ Environment class : mild
Column: Column60 - Number: 1
2.1 Material properties:
+C oncrete 1 C35 fou = 35.00 {(N/mm2)
Unit weight 1 24.00 (kN/m3)
» k. ongitudinal reinforcement :T fy = 460.00 (N/mm2)
¢ T ransversal reinforcement 'R fy =250.00 (Nfmm2)
2.2 Geometry:
2.2.1 Rectangular 250.00 x 250.00 (mm)
222 Height: L =3.60 (m)
223 Slab thickness =0.00 {m)
224 Beam height =0.45 (m)
225 Cover = 30.00 (mm)
2.3  Calculation options:
+ C alculations according to :BS 8110
*P recast column :no
* P re-design ‘no
*$S lendermness taken into account . yes
¢T ies ‘to slab
+«N on-sway structure
24 Loads:
Case Nature Group G N Myu Myl Myi Mzu Mzl Mz
_ (kN)  (kN'm) (kN'm) (kN*'m) (kN'm) (kN'm) (KN*m)
COMB1  design 60 1.00 40.75 3515 -3935 1573 0.00 000  0.00
gf—load factor
2.5 Calculation results:
251 Slenderness analysis
Direction Y: Non-sway structure
Direction Z: Non-sway structure
Iy (m}) l{m) b
Direction ¥: 3.60 2.70 0.75
- Direction Z: 3.60 270 0.75
ley/h =10.80  Short column (slenderness not taken into account).
lez/b =10.80  Short column (sienderness not taken into account).
252 ULS Analysis

e 18/10/04
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ﬁ ROBOT v 15.5.1

Author:.
Address:

File: STRUCT 2D.rtd
Project: STRUCT 2D

Design combination: COMB1 (M2)

N = 40.75 (kN)
s E ccentricity:
static ey
total €t

Reinforcement - required area:
Ratio:

2.6 Reinforcement:

Main bars (T):
«8 f12.0 I=3.57 (m)
- Transversal reinforcement (R}):
sfirrups: 2316.0
pins

My =-39.35 (kN*m)

8y (mm) ez (mm)
0.00 -965.97
0.00 965.97
A = 896.80 (mm?2)
m=1.45%
| =0.83 (m)

Mz = 0.00 (kN*m)

Date : 18/10/04

Page:2




APPENDIX F
STAAD PRO AND ROBOT MILLENNIUM LIVE LOAD INCREMENT
DETAILING DIAGRAM

(SELECTED BEAMS ONLY)
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GANTT CHART FOR FINAL YEAR PROJECT
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